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worms,  169 — imported  h.  Califomian  powder,  170 — dry  application,  170 — 
minimum  quantities  of  dry  powder,  171 — dry  powder  mixed  with  flour 
and  other  ingredients,  172 — application  in  fumes,  174 — alooholio  extract, 
174 — experiments  with  extract  obtained  hy  distillation,  174 — experience 
with  extract  olitajned  by  repercolation,  176 — use  of  the  powder  in  simple 


TABLI  OF  OONTBNTS. 

I 
MMAXS  OF  copma  with  tb*  ensxct,  kto. — Contlniied. 
water  Bolation,  177 — tea  or  deoootion  of  pyrethrum,  178 — affect  of  pyre- 
tlimiD  upon  other  iiuocts,  179 — prooptwtB  for  tbe  hm  of  pTrBtliram  fbr  the 
oottoii'Worm,  180— ox-eye  dkiiy  powder  kud  its  iiMleauiew  m  an  IihboU- 
oide,  ISO— eztraets  and  decootloDB  from  variosB  planta,  181 — difflonltiea 
in  the  way  of  dlMorering  new  Togetable  iniecticides,  183 — mode  of  pre- 
paring the  exttaota  and  diffaiione,  183 — list  of  the  plants  experimented 
with,  184 — effect  of  alcohol  upon  the  woima,  187 — yeaet  ferment  and  ftin- 
gat  Infection,  1S8 — Dr.  Hagen'a  racommendattoDB  of  the  nae  of  yeaat  as 
an  inaeotiolde,  188— ol^teatioiu  to  Dr.  HaKcn'a  plan,  180— negatlTe  leanlta 
obtained  by  the  CoramisMon,  190. 

CHAPTER  XI. 

HACHnntBTAimvBvicxeroBTHSDBSTRucnioMorTHKWoBii.    Br  Prof.  W. 

B.  Baakakd,  Ph.  D 

I.  Bpbat  NozZLBfl,  claBBifioation,  preferred  kinda,  191 — Manf-puMttirti 
momIw,  191-6 — prefeired  oODBtmotion,  191-3 — Btralaing  and  cleaning  m. 
clogging,  193 — Eddy-iOMS,  their  opentlon,  oonatmotion,  and  leading  Im- 
portance, 192-3 — Flag-taeea,  action  and  constmotion  ncBatia&ototy,  IM- 
4 — Johneon's,  Uelchcr's,  Dbwsod'b,  Foster's,  19.1 — Lynoh's,  194 — Colliding 
Jets,  gaa-Jets,  inperioritj,  Danghtrey's,  Weber's,  Pronty's,  194 — T-roees, 
194 — Teager*!,  Warner's,  impiOTementa,  195 — Divided  roae-heada,  elatch- 
lieadofMBBt,FooaA^  Co.,  Foes', Fox's,  Barrows',  Vose's,  195— Peripheral- 
TO«H  [diTided||,  Heloher's,  Teager't,  Enhnann's,  lOO—Roee-combinations 
cf  Barry,  Frentioe,  Ae.,  19&— 5Iv(  mtttltt,  196-^06— opention,  196— pre- 
ferred conatmotion,  196-SOl — disadTantagaB,  ImprorementB  made,  ^- 
201— Eddy-ohaioben»d,  197-9— Ijp  constrnotion,  198-9— inside  cleaner,  199 
—Simple  Blot-noazlea,  Fowler'a,  Uallory's,  Iske'B,  301-203— Ping  slot-noi- 
■les,  Allen's,  Bnhmann's,  Johnson's,  "  The  Niagara,"  Pinter's,  SOS— Ke- 
movaUe  slots  of  Long,  Teatal,  and  Herigot,  203— Jawed  slots,  "TheBoaa 
KoEEle,"  Raymond's  and  Perkin'B,  Smith's,  HoffefB,  203— Will  iams',  Rnb- 
mann's,  Pinter's,  004— Stanton's,  S0&— Side  slots,  Bchier's,  Heloher's,  S06 
— Dtfitetor  iw«*Ie*,S06-^Il—deftnition,nse,  applicability,  lelative  Merita, 
S06— drlp-vaste,  ologgiag,  206 — simple  conBtmctions  made,  S06-8— con- 
fbrmatioDS  for  narrow,  wide  and  even  sprays,  SOG-7,  — removable  deflectors, 
807— EoUinga',  Doaglas',  Niokerson's,  30&— Hayden's,  Killara's,  Lewii^, 
Behla^S,  Barrett/a,  209 — Rnhmanu's,  Bickley's,  Scbier'a  compound,  310 
— Sohiec's  and  PoUnsky'a,  211— Cmlr^iifal  hmiIm,  211-221— operation, 
klnda,  choice,  Sll — the  new  and  moat  perfect  Bprayen,  212 — Eddy-cham- 
bered, S12-&19 — oonfonnation  and  operation,  SIS — clogging,  cleaning,  ooo- 
scriietion  principles,  itl3~fonus  described,  214— Whistle-Jets,  215-810— 
tor  hlaBt-atomiaera  216 — Bdig'jet*  proper,  216-219 — Involnte  form,  oona- 
form,  216 — convex  and  concave  forms,  S17 — direct  discharge,  proximal 
diagonal  discharge,  t!17 — distal  diagonal  disoha^e,  21S— eentrifbgal  nose- 
pieces,  doable-cone  or  doable-chambered  form,  and  chambered  ping  form, 
218— direct  spraf  and  solid  Jet,  219 — fUMar  tpraji  twatlm,  ho»e-plp«$, 
919 — with  rotary  segment,  Hoti's,  Clifford's,  Glielow's,  Johnson's,  Beyer's, 
Clare's,  220— with  cross-plng,  McOaffey'a,  Johnson's,  Cray's,  Gielow's, 
Hoeford'B,  221— Spray-wheels,  221.— II.  CENTRimQAI.THKOWBB8, 921-336 
— their  ohaiaoter  and  operation,  3S1 — Rotated  oriSoea,  Pronged  reels. 
Brush  poiaoD-lhrowers,  332— brash  fibers,  323-3— rotary  polishing  brashes, 
improved  constnictloii,  fl1>er-strength,  spring  and  density,  223— feeding 
the  brashes  with  liqaid,  33S-6— with  powder,  334— a  simple  braah 
thrower  of  powder,  234-4— advantages  over  rifters,  velocity  (^'rotation. 
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HaCRINXBT  amp  DXVICB8  FOR  THB  DBSTRCCTIOH  Off  THE  WOSH— ContillDed. 

323— WiM well's,  22&-6— wbisps  and  brooma,  rotated  recesses,  &a6— III. 
Blowbrs  op  PoiSOJf,  ZtGSSa— Rotary  A[o«)(n,22tt-235— kinds  and  ano- 
oess  of,  226-7 —JW  bloiHiiff  poadrr,  827-^232 — hoppers  and  adjustable  feed- 
ers, 227-9 — blower  encagoments  and  blast-pipeB,  328-8— blast  forks  and 
defleotoni,  229 — improved  light  rotary  blowers,  S29-330 — hanled  hlowera, 
OomponDd  rotary  blower,  A-frame  and  lagged  swivel  wheels,  230 — rotary 
Telocity,  831 — Burd's  rotary  powder  blower,  231-2. — For  blowing  liqiiU*, 
S3S-S — improved  feeders  of  liquid  to  rotary  bloweiB,  233-3— drip-catolier, 
forked  blast  spray,  233— Darnell's  rotary  liqnid-blower,  233-4— Hnrd's 
ditto,  and  Perl's  rotary  fame-blower,  234 — Force-blast  Botary  Blowers — 
Oteillaling  bloiceri,  235-251,  bellows  power,  constmctlon,  dnrability,  im- 
pFOvemeote,  235-6 — Par  bloiring  poadert,  236-343 — hermetio  powder-box, 
S36 — feeders  of  ponder  to  blasts,  236-7— pipes,  forks,  and  noztlee  for 
these  powder  blasts,  237-S — hauled  oomponnd  bellows  powderer,  to  wagon, 
with  motor,  &c.,  238— ouitivator  bellows-blower,  238-9— koapsaok  and 
horae-baok  bellows  powderers,  239 — improved  small  baud  bellows  powder- 
ers,  239-S41 — with  forks,  241 — A11en|s  powderer,  S41 — common  powder  bel- 
lows, WoodasoD's,  Hendley'a  improved, 243 — Stelle'e,  &o.,  243 — Forblow- 
ing  flindt,  243-9— importance,  resuction,  feeding  by  blsHt-snotion,  blasC- 
pressuEe,  gravitation,  gauges,  243-4 — blast  spray  conduotois  and  nozsles, 
reverberatory,  244 — whistle-jots  and  agitation  chambers,  245 — common 
blast  atomizers,  245~improved  antomatic-feeding  blast  sprayers,  24&-d— 
reatomizing,  reverberatory  uozzlee,  247 — nether  blast  sprays,  directing 
pipes,  and  nozsles,  248 — compound  combinations,  249 — Peek's  blast 
sprayer,  and  Wallace's,  249— Beciprooolinff  orpittonti  Bloieen,  249-251 — 
improved  air-pnmp  apparatus,  249-^0-'air-pump«  of  Hamphryville, 
Bamsey,  &c,,  S51— Genorafor  Bloieert,  251-2— Steinmann's  vaporiser, 251.' 

CHAPTEB  XU. 

HaCBIKBBT  &DKVICB8  FOR  THK   DESTRDCTIOH  OF  THB  WOBM — Dontlnned..- 

IT.  Pnbumatic  cokprbbbion  bqoirtebb,  253-361— kinds,  advantages, 
avaihible  fire-extinguishers,  2.')3-4 — carbonic  anhydride,  apparatus,  piao- 
ti<^bility,  2&5~daDger,  antidotes,  safety  constrnctioiis,  %5-S — simple 
genetatOTB,  257 — rotarg  foree-blast,  coMprtttloH  g»eU>n,  257 — otoUUilimg 
Mlov$,  pn«itntatie.  aonprettioH  ijecton,  257 — rt^prooating  or  piitoiud  dtifo, 
858-361 — simple  kind  to  construct,  beer  forcers  applicable,  Woiswiok 
Co.'s,  WeindePs,  Bumsey's,  Douglas',  258 — Daughtrey's  anderspray  theo- 
ry and  machine,  258-^1- the  aothor'a  deviooB,  259- Weber's  nozElee, 
aeO.— V.  Solid  coufrbssion  84U1KTErs  of  poisok,  361-263— kinds,  261 
— rotory  force  pumpi,  261-262 — hgdraulio  btlloan,  262 — omiUating  forae 
jniMjM,  262— rscjprooalfnjr  force  pmnpt,  262-283— kinds,  262— hirdrosefte* 
and  /oiMtaix  pvmpi,  262-269— May's  patent,  Tyler's,  Servants',  Stapled, 
Whitman's  fountain  pump,  263 — hydronettes,  donble-acting,  Deakin's, 
Bumsey's,  cost,  264-~anthor's  impraveuents  in  knapsack  apparatna, 
864-6— in  knapsack  fire-extiugnisherB,Coudict's  and  Dot/s,  265— in  horae- 
baek  apparatus,  Warner's,  author's,  3^— in  eartor  wagon,  265-6 — Cala- 
hon's  oarts,  legged  wheels,  tongue  or  shafts,  266 — wagon  use,  Trelease's 
report,  266-8 — more  economio  devices,  268 — other  pumps  not  in  trade, 
S6S-9 — aqitapydU,  aqu<yeott,  aquariiu,  excelnor,  iydropvlt,  269-271 — opera- 
tion, cost,  269— aquapnlt,  Johnson's  patents,  Douglas',  Proaty's,  269-270— 
Johnson's  syringe,  Douglas'  aqaarius,  Bumsey's  oquiOect,  370— Deakin's 
excelsioT,  Vose'a  hydropnlt,  271 — Bucket  jmmpi  and  kiuqiiaek  pumpi,  271-4 
— Lewis',  371— Korth's  and  less  desirable  kinds,  Stoner's,  Matlory's  Kais- 
er's, Diz's,  272 — Crandal's,  Holland's,  knapsack  extingnisbem,  Douglas', 
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Uachiskkt  asd  dkvices  for  thi  DKBTBronoM  or  thk  vobh— ContinaAd. 
Stanton'a,  273 — bnoket  poisoners,  MuDonald'a,  Allen's  watciriiig-pot  im- 
proTementB,  373 — Adiot'b  and  Lane's  cftn-sTringe,  Hull's,  Wianer'8,  274 — 
Bami  And  taut  pitmp*  mul  appurlenaiieet,  374-283 — Slugle-aeliiig,  dis- 
chtu^ogbeloir  the  piston,  Uelcber's,  974 — Voglesang's,  Bahm&nn's,  275 — 
Poluuk^'a,  Seliiar'a,  Bntmau's,  Ball's  ogilfttor,  276— Evenden's,  HeU 
mecke's^  277 — Teogei'spomp  and  nozzle,  377-8 — Pinter's,  278. — Single-act- 
ing, disobaiging  from  above  the  piston,  Chipley's,  Weith'a,  278 — availa- 
ble eietem  or  well  pnmps,  278--9 — barrow  pamps,  Cmckpnmps,  garden 
eogfne  pmnpo,  windmill  pnmps,  Blant's  Lotos  pump,  the  Pendulum  and 
Index  pompa,  ooiinter  pomps,  •ITQ.—DouiJe-aotiag,  foroe  pumps  proper, 
279-S83 — the  best,  279,  kinds  characterized,  Vose's  hydropuit,  the  Cham- 
pton,  2d0 — Bamsdcn'a,  reduotion-oylinder  pumps,  patentees  and.mon- 
nlaatnrerB,  281-2 — author's  agitator  barrel-pQinp,  founil  most  satisrao- 
tory,  982-3 — Cendnita,  franua,  portage,  and  cojubinalloiit  of  appurleKanoei, 
983 — Johnson's  oolton -spraying  machine,  284 — Jonea's,  Binkley's,  285 — 
Qoodia's,  Wolfram's,  266 — anthor's  aader8pra5-ing  acccHBories,  288— plan, 
skid,  mixing  and  straining  funnel,  SdS — adjustments  of  pipes,  forks  and 
nosdes,  389-297,  fork  modifioations,  290-2 — pendant  pipes,  392,  conform- 
ability,  lightneas,  obeapness,  292-3,  tube  substances,  293 — anthor's  A- 
frome  machines,  293-7 — maiimam  width  underaprayed,  235— pipe  adjust- 
■  ments  toiow  widths,  flarihle  systems  superior,  396-7 — VI.  Gravitational 
DiSTBlBUTOBB,  297-309— /or  liquid,  297-3(hi— kinds,  anthor's  tripod  anto- 
matio  sprinhler,  397-8 — Schank'a  sprinkler,  Taylor's,  1^98 — Robinson's, 
299 — snction  foroe  pumps  and  windlass' elevators,  299 — bilge  pumps,  300 — 
honebaek oatomatio  sprinklers,  watering  pot  metliod,  Willie's  sprinkler, 
300 — Bomaey's,  301 — knapsack  automatic  sprinklers,  301— Oray's,  Bug- 
gle's,  Townsend's,  302 — automatic  hand-sprinklers,  watering-pots  afoot 
and  OD  horseback,  302 — For  dry  potton$,  »ifteri,  kinds,  302-9— disadvanta- 
ges^ leoiprocatlng  sieve  machines,  hand-sieves,  303-4— sifting  hog,  Hurd's 
sifter  and  blower,  Ooodheart's  duster  and  sprinkler,  304— rotary-sieve 
moehlnes,  304-7 — Boblnsoa's  dnster  and  sprinkler,  Davie'  duster,  Levy's, 
SOU — Taylor's  dnster  and  sprinkler,  30G — reclprocating-stirrer  sifters,  Wil- 
lie's, 307— roUry-stirrer  sifiere,  Tonng's,  307— Smith's,  308— Eldridge's, 
309. 

CHAPTER  XUr. 

HACHDnKT  AMD  DEVICES  FOB  Tmt  DKSTRUCTioN  OF  TOE  WORM— Conclnded. 
TU.  bmOT  HAKIPUI^TOKB,  meohanioal  treatment,  dulodging,  cnahiitg,  or 
iltfiing  the  worms  or  ohiysalids,  310 — sweeping,  knocking,  or  jarring  off 
the  worms;  friotion  drags,  fringes ;  beaters,  310 — collecting  and  dispatch' 
ing  means,  311 — nmshing.  Helm's  sweeper  and  crosber,  311 — Ewing** 
■weeper  and  stlfler,  312 — Wood-Smith's,  313 — Iske's  catching  trays,  314 — 
1raf»fi>r  tk«  eutht,  314-321— kinds  of  lures,  light  trap*,  314— Lewis',  He- 
Qoeen's,  Bigel's,  315 — Walker's  and  others,  315-6 — lamps  in  motion,  Le- 
blono's,  Fordtran's,  316— taif  trap*,  Heard's,  Garrett's,  317 — lrap«  eomhln- 
tMg  Hglit  amd  bait,  anthor's  net  trap,  317-319,  thoaght  tbo  best,  318— indis- 
Biiminat«  killing  wrong,  the  best  bait,  319— Stilh's  trap,  319— Pngh's, 
Oarmtf  S,  saO—Binkleys,  321. 

CHAPTER  IIV. 

Hbstobt  op  thb  uteratukb  and  bibuoobaphy 

History  of  the  litentnre,  323— from  1802  to  1824,  322-from  1839  to  1847, 
323— from  1648  to  1834,  324— from  iai5  to  1471,  3£>— from  1869  to  1874, 
336— &om  1874  to  1878, 327— froca  I87ri  to  1830, 326— from  1880  to  1881, 339— 
bibliography  np  to  and  inolnding  the  year  I88I,  339-344. 
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CHAPTEB  XV. 

1 

iNflBCTS  LIABLB  TO  BB  MISTAKKN  FOR  AlETlA 

CoDfusiou  of  Aletia  with  other  molba,  340 — ^ith  Atpila  vir«iottu,SiS — ahar- 
BcCers  i)f  the  most  important  of  them  moths  to  be  illastrftted  in  thiaebftp- 
ter,  SlS-r-liat  of  these  moths,  34S — aoooant  of  ArumOt  erota  HUbaer,  346— 
itsgeographical  distribution,  346 — structure  of  its  eggs,  34G — distinguished 
from  e^g  of  Alelia  jrjf  tins,  346— its  aeaaoas,  346 — habits  of  larva,  346 — char- 
acters of  moth,  347 — delailod  description  of  egg,  34tj — larva,  348 — papa, 
349~Beasoaa  anil  food-plants,  349 — account  of  ^momu  ttrana,  n.  sp-fSSO — 
habitat  of  ^,  ezacta,  'ii>0—at  A,  triMRa,  350-~larTa  distiugatthed  from  that 
of  Aletia  xnliua,  3G0— pupa  distinguished,  350 — aooonnt  of  Leaeaiiia  iMi- 
puneta  Haworth,  350 — referenoe  to  discnssions  abont  thie  ajKHiies,  350 — it« 
geograpbioal  distribution,  351 — ovipoaitton,  351 — food-Ualiita  of  wonne, 
331— pupation,  351— number  of  liroode,  35l—hib«mation,  351 — aoconnt  of 
A»pila  vireKtna,  351 — synonymy,  351 — confounded  with  Altlia  xgltiM  oh\j 
iu  papa  state,  351— pupie  of  the  tivo  species  distinguished,  353 — food- 
plants  of  A.  vireioau,  35"^— moth  distinguished  from  that  of  ^Mio  xyUno, 
352 — acoouut  of  Dr(ut«ria  trochlea  (Cramer),  352 — its  geographical  distri- 
burion,  35;j— variations  in  size  of  moth,  352— food -plants  of  larva,  352— 
habits  of  moth,  352 — number  of  broods,  352 — ovipositioa,  353 — colors  of 
larva,  353 — account  of  Laphi/gMa  frngiperda,  353-r-its  food-habits,  363 — 
synonyms,  353— account  of  Platj/hi/pena  loabra  (Fabr.),  354— geographical 
distribution,  354 — food-plants,  354— number  of  broods,  354 — referenoe  to 
descriptions  of  larva,  SSi—Eupltetnuplatj/hypetta  Howard,  bred  from  larva, 
354 — account  of  Fhoberia  atomaru  (Hilbner),  354 — lefeieooe  to  deMTiptiona 
and  flgatos  of  moth,  354— food -plant  of  moth,  354. 

CHAPTER  XVI. 

Thb  Boll  Worm  (ffalioUJi  tirmigera  HUboer) 

Introductory,  355 — one  of  the  foremost  of  our  Iqjnrtoiu  insecta,  355 — 
extent  of  its  ravngeH,  355~QomeDclatare,  367— synonyms,  356 — popular 
names,  358 — geographical  distribution,  358 — food-plants,  other  thao  cot- 
ton, 359— com,  359~tomato,  361— tobacco  and  other  (odMooeis,  362— ((^iMti- 
Koms,  3eSt—eumrbitacea,  363— maltxioro),  363— ^ther  food-plants,  363— ohar- 
aoters  and  transformations,  364 — the  egg,  364 — the  larva,  366 — the  pnpa, 
370 — the  imago,  371 — nnmber  of  broods,  372 — hibernation,  373 — aummacy 
of  the  diatinguishing  points  compared  with  AUlia,  374 — egg,  374 — larva, 
374 — pnpo,  374 — adult,  374 — natural  enemies,  375— remedies,  377 — earl; 
planting,  378— low  com  m.  high  com,  378— fall  plowing,  376— destruc- 
tion of  the  moths,  379— lights  and  poieoned  sweets,  379— hand- picking, 
380— poisoning,  381— pyrethmm,  381— bibliography,  38S. 

EXPLANATION  TO  PLATES 

Plate  I-III,  3»— IV-VU,  386-VIII-XI,  3S7-XII-XV1,  388-XVn-XX,  389- 
XXI-SXV,  390— XXVI-XXVIII,  391- XIIX-XXXII,  392— XXXHI- 
SXXVIII,  303— XXXIX-XLH.  394— XLIU-XLVII,  395— XLVm-LUI, 
396-LIV-LVII,  387— LVUI-LXI,  398— LXII-LXIV,  399. 
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APPENDIOES [1] 

Pkbtacb  to  ArrBNDicM — ;.      [3] 

APPENDIX  1 

Sktokt  ofH.  O,  Hdbbard [6] 

Beport  of  obserTstious  mftde  la  1861  upon  Aletia  and  other  insect  enemies 
of  cotton,  in  the  State  of  Florida,  [5] — eotton  injnred  more  b;  Dytder- 
au  tatiavllut  than  by  AUtia  xyUna,  [6] — and  more  by  mitt  mite  than  by 
either,  [7] — great  destmctlon  of  Aleti>  eggs  by  Trichogramma  pretioia, 
[7] — MicoeeeioD  of  broods  of  Aletia,  [7] — distribntton  of  worms  on  plant, 
[6] — tabular  statement  of  periods  of  time  occupied  in  each  stage  of  growth, 
[10] — locality  of  depoaition  of  eggs  on  plaat,  [12] — proportioDs  of  light 
and  dark  colored  worms,  [2}-^ffeot  of  shade  in  protecting  cotton,  [  12]— 
periods  of  different  stages,  [13] — copulation,  [13]— position  of  moths  at 
real,  flS] — experiments  with  poisons,  [14] — pyretbmm,  [14]— London 
parple,  f  15] — poisoning  the  moths,  [15] — yeast,  [16] — the  boll  worm,  B«U- 
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[IIB] — sammary  of  conclnsions  from  experiments,  [IIS]. 

Note  57 [119] 

Recommendation  to  use  Paris  green  in  1872,  [119] — extract  &om  report  - 
made  on  this  sabject  by  J.  P.  Stelle,  in  1880,  [119]— oonunent  on  the 
same,  [120]. 

Note  59 [UW] 

Description  of  imago  of  Jnomit  Uama,  n.  sp.,  [ISO]. 

HOTK59 [120] 

Description  of  egg  and  papa  of  Draitaia  ereohlea,  [120]. 

Note  60 [121] 

Beprint  of  J.  W.  Boddie's  description,  in  1850,  of  Imago  of  Pkalaetta  tea 
(_Halii>aii»  amtigera),  [121]. 

Nora  61 [181] 

Beprint  of  A.  R.  Qrote's  description  of  Heliotkit  uniiroiM,  [131]. 

Note  62 [121] 

Remarks  on  specimens  sent  from  Bahia,  by  R.  A.  Edes,  in.  1880,  [ISl]— 
characters  of  egg,  larva,  andpnpaof  Jiiomi«sp.,  [131] — inserts  fbnnd  in 
cotton  bolls,  [121]. 

Bote  63 1131] 

Probably  Jfocroslta  ruttioa  stated  to  feed  on  cotton,  [131]. 

Note64 [181] 

Iiorvsof  ^lelfaxylina  received  £rom  Vera  CruE,  [181] — leoDTreaceof  oottoq 
worms  at  Irregnlar  periods,  [123]. 
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PREFACE. 


The  present  Tolnme  is  the  foartb  of  tbe  reports  of  the  CommissiOD, 
and  was  ori^nally  deaigDed  as  a  revised  edition  of  Bnlletin  3,  and  a 
final  report  on  the  sabject  of  the  Cotton  Wonn.  A  single  chapter  has 
been  added  on  the  Boll  Worm,  because  of  the  importaooe  of  this  species, 
bnt  other  insects  afFBcting  the  cotton  plant  are  only  treated  of  incident- 
ally. A  good  deal  of  material  has  been  collected  bearing  on  these  other 
insects  affecting  the  plant,  and  we  hope  some  day  to  find  time  to  prepare 
it  for  pnblication.  Bat  all  work  except  that  on  the  two  principal  insects 
treated  of  in  this  report  has  been  considered  of  minor  importance,  the 
main  object  of  the  inquiry  being  as  ftill  and  accurate  knowledge  as  jhw- 
slble  respectiufc  those  two,  especially  in  reference  to  their  control  or 
ready  destrnction  by  the  planter. 

Tbe  sifting  of  truth  from  error;  the  settlement  of  mooted  qnestions 
by  test  and  experiment;  thediscovery  of  previoosly  unknown  facts  and 
truths,  even  regarding  an  insect  like  the  Cotton  Worm,  require  an 
amount  of  labor  that  few  will  appreciate  who  have  not  experienced  the 
difficulties  involved ;  and  whatever  merit  this  report  may  have  is  due  to 
the  fact  that  the  author,  in  prosecuting  the  work,  has  earnestly  sought 
to  get  at  the  exact  troth,  wherever  there  were  conflicting  views,  expe- 
riences, or  theories,  and  because  it  represents  a  very  considerable  amount 
of  original  research.  He  has  also  endeavored  to  bear  constantly  in  mind 
that  the  chief  object  which  Congress  had  in  ordering  tbe  investigarion 
was  a  practical  one,  and  that  whatever  purely  entomological  knowledge 
was  acquired,  however  interesting  to  the  naturalist,  was  of  less  moment, 
unless  it  bad  some  bearing  on  this  practical  phase  of  tbe  subject. 
Hence,  descriptive  matter  and  technical  discussions  are  for  the  most  part 
excluded  from  the  body  of  the  work  and  printed  at  tbe  end  of  the  vol- 
ume in  a  series  of  notes  for  tbe  benefit  of  the  reader  who  may  be  inter- 
ested. Discoveries  made  in  pursuit  of  some  special  object  often  sob- 
serve  many  other  purposes  and  have  wide  application.  This  is  emi- 
nently true  in  applied  entomology,  and  many  of  tbe  remedies  and  tbe 
devices  for  applying  them  that  have  resulted  from  this  Cotton  Worm 
investigation  are  of  great  use  againxt  many  other  species.  This  is  well 
illustrated  in  the  modem  very  general  use  by  farmers  and  fiTjit^growers, 
in  all  parts  of  the  country,  of  pyretbrum  in  the  field,  of  petroleum  emnl- 
BioDS,  and  of  the  cyclone  spraying  nozzle,  all  of  which  have  had  their 
origin  in  this  investigation. 
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n  PEBFACB. 

The  cfaaracter  of  the  investigntioQ  was  Dovel.  There  was  do  prece- 
dent to  gaide  or  warn.  The  number  of  persons  napahle,  through  experi- 
ence, of  intelligent  field  work  in  economic  eiitomolog'y  was,  until  goite 
recently,  remarkably  small,  so  that  the  organization  of  the  force  to  as- 
sist in  the  work  was  largely  experimental  and  more- difficnlt  than  it* 
would  have  been  had  trained  observers  been  at  command.  Under  tbeae 
drcumstaoces,  the  satisfactory  manner  in  which,  with  nire  exceptions, 
the  different  agents  have  performed  the  tasks  assigned  to  them  is  all 
the  more  to  be  commended.  Maiiy  of  these  agents  have  been  employed 
for  but  a  limited  time  (alwut  three  months  a  year)  or  to  make  some 
special  observations  or  experiments,  and  the  results  of  their  labor  are 
either  incorporated  iii  the  text  of  the  report  or  in  the  apiKodices,  Their 
work  will  also  be  found  acknowledged  in  the  introduction,  in  which  we 
have  endeavored  to  give  an  epitome  of  the  history  of  the  investigation 
ae  well  aa  a  glance  at  the  contents  of  the  volume.  To  all  of  them,  and 
to  the  many  correspondents  who  have  so  willingly  and  generously  as- 
sisted, we  take  this  public  opportunity  of  tendering  our  sincere  thanks. 

To  those  who  have  been  more  permanently  associated  with  us  in  this 
work  we  desire  to  express  our  special  acknowledgments  and  indebted- 
ness. ,  Mr.  E.  A.  Scbwarz,  from  Detroit,  Mich.,  has  assisted  from  the 
beginning  both  in  field  and  ofQce  work,  while  since  the  publication 
of  the  first  edition  Dr.  W.  S.  Barnard,  from  Oornell  University,  Ithacii, 
"S.  Y.,  has  also  been  continuously  associated  with  us,  and  particalarly  in 
that  phase  of  the  inquiry  pertaining  to  mechanical  appliances.  Mr.  D. 
G.  Hubbard,  of  Detroit,  Mich.,  Mr.  William  H.  Patton,  of  Waterbury, 
Conn.,  Prof.  E.  W.  Jones,  of  the  State  University,  Oxford;  Miss.,  Jndge 
L.  C.  Johnson,  of  Holly  Springs,  Miss.,  Prof.  J.  £.  Willet,  of  Mercer 
University,  Macon,  Ga.,  Judge  J.  F.  Bailey,  of  Marion,  Ala.,  Judge  W. 
J.  Jones,  of  Virginia  Point,  Tex.,  Prof.  E.  A.  Smith,  of  the  State  Uni- 
versity, Tuscaloosa,  Ala.,  Dr.  £.  H.  Anderson,  of  Canton,  Miss.,  Mr. 
James  Boane,  of  Washington,  and  Dr.  J.  C.  Keal,  of  Archer,  Fla.,  all 
deserve  special  acknowledgment. 

In  addition  to  the  observers  mentioned,  we  are  indebted  to  Prof.  E. 
W.  Hilgard,  of  the  University  of  California  and  special  census  agent, 
for  permission  to  nse,  in  the  preparation  of  Professor  Smith's  chapter 
and  in  advance  of  publication,  the  notes  and  observations  made  by 
himself  and  other  special  agents,  while  collecting  the  materials  for  his 
Report  on  Cotton  Production  in  the  United  States.  Mr.  E.  S.  Burgess 
and  Dr.  C.  S.  Minot,  of  Boston,  deserve  our  thanks  for  their  services  in 
the  preparation  of  Chapter  V,  and  Dr.  J.  0.  Branner  and  Mr.  Albert 
Koebele  for  their  work  in  Brazil. 

Lost,  but  not  least,  we  would  express  our  indebtedness  to  those  of  our 
office  assistants  who  have  in  any  way  contributed  to  the  report:  Mr. 
L.  O.  Howard  for  general  assistjioce  in  the  preparation  of  the  report, 
Mr.  Theo.  PL'rgando  for  care  in  the  breeding  of  the  insects  consigned 
to  him,  and  Mr.  B.  P.  Muun  for  clerical  aid,  especially  in  the  prepart^ 
tion  ot  the  in^ex. 


PREFACE.  XXI 

The  colored  plates  illaatrating  the  report  were  either  drawD  Iiy  the 
writer  or  by  Miss  Lillie  Sallivau  under  bis  immediate  directioD.  Plate 
IV  is  reproduced  from  Glover's  copper-plate  etchings ;  Flutes  VI  to  XI 
were  drawn  by  Messrs.  Burgess  and  Minot  from  viaterial  furoisbed  for 
the  purpose ;  Plates  XIV  to  LXI  were  either  adapted  from  patent  draw- 
ings or  photographs,  or  were  drawn  by  Dr.  Barnard  or  by  as  either 
from  the  original  laacbinery  or  from  photographs  thereof;  Plate  LXII 
is  made  up  from  drawings  of  our  own,  and  Plates  LXIII  and  LXiV 
were  drawn  by  Dr.  George  Marx. 

0.  V.  B. 
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INTRODUCTION. 


The  ofDcial  Ootton  Worm  inveatigatioD,  of  whieli  this  is  tbe  final  re- 
port, was  be^oB  la  the  spring  of  the  year  1878,  Congress  at  that  time 
having  appropriated  the  sam  of  15,000  to  be  expended  for  the  porpoee 
of  such  an  inveetigatiou  under  oar  direction  as  entomologist  of  the 
United  States  Department  of  Agricultnre.  The  resnlts  of  the  first 
nine  months  of  the  iavestigatiou  are  summed  np  in  the  followiog  quo- 
tations from  onr  report  as  United  States  Entomologist  fpr  the  year  1878, 
The  quotatioD  also  inclades  the  first  circnlar  issued  in  the  progress  of 
the  iuvestigatdon:    ' 

INSECTS  AFFBCTISa  TEE  COTTON  PLANT. 

Pmsaant  to  an  apprapriatfoD  by  the  last  Congnm  for  the  purpose,  and  in  acoorcUna* 
with  j-onr  iuBtmotlottB,  I  have  carried  on  a  apedol  InvestlKatioii  of  the  insects  iqjori- 
ODB  to  the  cotton  plant.  The  oommitialon  of  Inqniiy  was  organized  by  the  appoint- 
mont  of  the  following  gentlemen:  ABBpeoialageatH,  Prof.  J.  H.  Com atook,  of  Ithaca, 
N.  T.,  Thoao  posttJen  as  proAasor  of  entomology  in  Cornell  University  and  whoae  ex- 
peiienoe  with  insects  injnrions  to  vegetation  had  well  fitted  him  for  Biioh  labor;  and 
Prat  A.  R.  Orote,  of  BoBalo,  N.  T.,  whom  aMsideuce  of  several  years  at  Demopolis, 
Ala.,  and  a  special  stndy  of  the  Cotton  Worm,  had  also  well  prepared  for  the  inquiry, 
A»  local  agents  and  obaerveis:  Dr.  E.  H.  Anderson,  of  Eirkwood,  Miss.;  William  J, 
Jonu,  of  Virginia  Point,  Tex.;  Prof.  J.  E,  Willet,  of  Macon,  Qa.;  and  Prof.  Bngene 
A.  Smitb,  of  Tnscaloosa,  Ala.  Mr.  E.  A.  Scbwars,  of  Detroit,  Hicb.,  has  also  been 
engaged  during  the  winter  to  visit  all  the  Soathern  States  and  the  West  India  islands, 
Tith  a  special  view  of  getting  at  the  facts  of  hibernation.  To  Professor  Comstook  was 
tasigned  the  cotton  region  of  Arkansas  and  Tennessee  and  of  Mississippi  and  Alabama 
north  of  Ticksbnrg  and  Meridian  and  the  Alabama  Central  Bailroad ;  to  Mr.  Grote 
that  of  Florida  and  Georgia  and  of  Alabama  south  of  the  railroad  mentioned ;  while, 
vith  the  atfistanoe  of  the  local  observers,  I  have  myself  given  more  especial  attention 
to  the  extremities  of  the  belt,  viz :  Texas,  Lonisiana,  Sonthem  Mississippi,  and  tbo 
CaniliDaa. 

The  following  eironlar-Ietter  was  prepared  for  the  nse  of  agents,  and  distribnted, 
with  coiTiwponding  blanks,  to  oorrespondenta  in  the  ootton  belt.  It  will  explain  the 
Kope  of  the  Inqniry : 

Departmxkt  of  Aosioolture, 

WiuMngton,  D.  C,  Jalg  US,  1878. 

Sir:  The  entomoldgist  of  the  department  having  prepared  b  aeries  of  iDqairiea  for 
the  special  scientific  observers  to  whom  has  been  assigned  the  duty  of  studying  the 
bistoiy  and  depredation  of  the  worm  known  as  AUtia  ar^llaoea,  as  well  as  other  in- 
sects which  ii^nre  the  cotton  plant,  I  haTe  cansed  copies  of  these  circalsra  to  be 
printed  and  sent  you,  in  hope  that  you  may  feel  interest  enough  in  the  snbject  to 
make  report  thereon. 
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XSIV  INTEODUCTION. 

Sbonid  you  clo  so,  plewe  observe  cuefully  the  folloirin        

Write  only  on  one  side  of  the  paper  blKaka  aeot;  ttnd,"if  liioTe  room  la  desired  to 
answer  folly,  WTit«  on  Another  sheet,  numbering  and  lettering  Ui  correspond  with 
letter  and  nnraber  of  qaestion. 

If  Miy  epeciftl  ^inta  arise  before  the  termination  of  the  season,  please  oommnni- 
oate  freely,  marking  yonr  envelope  "cotton  insects." 
ReapectMly,  &e., 

WM.  G.  LE  DUC,  ( 


THE  COTTON  WORM. 

This  inseot  (dUtia  argOlaata,'  Hflbn.)  will  natnrally  receive  most  attention,  being, 
as  it  is,  by  far  the  meet  inJnrioDH  of  the  different  enemiee  of  tbe  cotton  plant.  Dat> 
are  reqaeated  on  all  the  following  topics : 


1.  Give,  BO  fur  as  yon  can  from  truBtivortby  records,  the  earliest  year  in  wbioh  oot- 
ton  was  grown  in  yonr  States  county,  oi  locality. 

la.  Dnring  what  year  (exact  or  approximate)  did  the  worm  first  make  its  appear- 
ance in  yonr  locality,  and,  as  far  as  you  are  aware,  in  the  State ;  in  otherwords,  how 
many  years  elapsed  after  cotton  first  bc-gan  to  be  grown  before  tbe  worm  began  to 
work  npon  it  T 

III.  Specify  the  years  when  it  has  been  nnnaually  abnndant  and  deatmctive. 

IHFLtmKCE  OF  THK  WEATBBK  ON  THE  IM8BCT. 

2.  State  what  yon  know  from  experience  of  the  effects  of  weather  on  the  insect,  and 
mote  particnlarly — 

2a.  The  character  of  seasons  most  favorable  to  its  increase. 

Qb.  The  character  of  thesnmmerand  winter — whether  wet  or  dry,  mild  or  severe — 
that  have  preceded  years  in  which  the  n-orm  has  been  abnndant  and  deetmotive. 
Se.  Do  wet  stunmers  favor  its  multiplication  T 
2d.  Effects  of  different  kinds  of  leather  on  tiie  eggs. 
S«.  Effects  of  different  kinds  of  weather  on  the  moths. 
^f.  Month  of  year  when  greatest  injury  is  done. 

STATISTICS  OV   LOaSKS. 

3.  Give,  as  correctly  asjon  can,  estimates  of  the  loss  totheorop  in  yonr  county  and 
State  dnring  notable  cotton-worm  years. 

MIQSATION  OF  TBK  U0TB8. 

It  is  a  well-established  fact  that  the  parent  moth  of  the  Cotton  Worm  Is  often  foaud 
in  antnmn  many  houdred  miles  away  from  the  cotton  belt,  and  there  is  no  reason  to 
donbt  that  it  is  often  carried  by  favorable  winds  to  northward  regions,  where  it 
cannot  perpetuate  its  speoiea  and  mast  therefore  perish.  Mr.  A.  R-  Grote  end  others 
even  believe  that  the  species  perishes  each  year  with  tbe  plant,  and  that  the  moth 
always  comes  into  the  cotton  States  fmm  more  sonlhera  conutrios,  where  the  cotton 
plant  is  perennial ;  iii  other  words,  that  the  luoth  is  habitually  migratory,  and  cannot 
survive  the  winter  in  the  great  cottou  regions  of  the  States.  While  there  are  many 
facts  that  lend  weight  to  this  theory,  there  is  also  nmch  to  be  said  gainst  it;  and 
we  desire  to  collect  all  facte  that  in  any  way  bear  on  the  question.  While  we  hope 
to  get  much  valuable  information  on  Ihis  bead  ftom  the  Signal  Bureau,  we  also  ask 
for  the  experience  of  oorreapou  dents. 

4.  Please  state,  therefore,  as  nearly  as  you  can  fhimthereoords,  the  prmailinf  direc- 
tion and  force  of  the  wind  in  your  locality,  first, 

4a.  In  the  month  of  February ;  second, 

4b.  In  the  month  of  March  ;  third, 

4c.  In  the  mouth  of  April ;  fourth, 

44.  In  the  month  of  May  ;  fifth, 

4«.   In  the  month  of  June  ;  sixth, 

if.  Whether,  in  yonr  opinion,  there  are  winds  from  the  south  that  are  snffloientlj 
strong  and  constant  to  couot«ract  tbe  prevailing  trade-winds,  which  are  toward  the 
equator. 

■  The  Sootaa  xfUna  of  Say. 

liq,t7ed;yG00t^lc 


INTEODUCTION.  XXV 

Ag.  l<h«pierailiDedtrMt>OD  of  tbonint)  trani  Jnlj  till  (mtt. 
A.  The  Bide  of  »  field  on  nbioh  tbo  wormn  tiraC  begin  to  work. 
M.  Do  local  topographical  featiireB  inflnence  Ihe  eiteotof  the  worm's  rarageaf 
4J.  Does  or  can  the  worm  feed  upon  toy  other  plant  tlioo  cotton,  and  have  ;on 
ever  known  It  to  do  eo  T 


Tbeae  have  nlready  been  stiidied,  and  are  pretty  well  known  ;  bnt  eipeiiencB  will 
differ  aomewhat  with  locality,  and  we  call  attenliun  to  the  following  topics: 

5.  State  the  time  wben  the  first  moths  are  noticed  in  your  locality. 
5a.  Date  when  the  first  womiR  have  been  noticed  in  past  years. 

5b.  Date  when  the  last  worms  have  been  socn  in  past  yearti,  or  were  noticed  the 
preeent  year. 
5o.  Number  of  broods  or  generations  of  the  worms  generally  produced. 
5d.  In  what  other  situations  besides  tbe  folded  cotton  leaves  have  yon  known  the 

5«.  Have  yon  ever  known  the  chrysalis  to  snrvive  a  frost,  or  to  be  fonnd  In  soiii  d 
and  healthy  condition  in  winter? 
^.  Have  yon  ever  fonnd  the  moth  hibernating  or  flyincdnriDg  mild  winter  weather! 
hg.  How  late  in  tbe  spring  has  tbe  moth  been  found  alive  T 

VATURAT.  RNZMIES. 

It  is  a  little  ungnlar  that  no  enemiea  of  tbe  Cotton  Worm  have  hitherto  beeu  re- 

Sorted.    That  the  insect  has  its  enemies,  both  special  and  general,  there  can  be  little 
oubt,  and  we  wonld  ask  particular  attention  to  the  following  topicn; 

6.  Are  any  binia,  qnadrnpeds,  or  reptiles  known  to  attack  tbe  insect  in  your  locality  T 
6a.  Are  any  prvdaceous  insects  or  parasites  known  to  prey  upon  it,  either  in  tbeegg, 

larva,  or  chrysalis  state? 


this  purpose  of  poisoned  sugar,  molasses  and  vinegar,  and  fi 

To.    Are  the  moths  most  attracted  to  sweeteuetl  substances  when  s 
trees,  boards,  &o.,  or  when  contained  in  vessels  i 
lighted  I 

Tb.  Are  any  fiowers  known  to  be  attractive  to  the  moth  ?  If  so,  specify  them  and 
their  season  of  blooming. 

7c.  What  do  yon  know  of  your  own  observation  of  the  influence  of  Jute  grown  near 
or  with  the  cotton? 

Td.  Has  any  cfTort  been  made  to  destroy  the  moth  in  its  winter  qnartets  t 

7s.  Have  any  systematic  and  organized  attempts  been  made  t«  gather  and  destroy 
tbe  chrysalides,  or  to  facilitate  their  collection  and  destruction  by  fnrnishing  inviting 
material  for  tbe  worms  to  spin  up  ir  * 

"  '   What  has  been  done  toward  d 

Has  anything  been  found  mor  .      - 

leof  tbe  Paris  green  miitnre  to  destroy  tbe  w 

7A.  Have  yon  known  of  any  iujuriooeoffecte  following  the  use  of  this  poison,  either 
to  the  plant,  to  man,  or  to  animals  ? 

Ti.  State  what  you  consider  the  best  and  most  efiective  method  of  destroying  them 
in  yonr  section. 

Tj.  State  the  cost  per  acre  of  protecting  a  crop  by  tbe  be»it  means  cmploTcil. 
(Ve  thall  be  glad  to  reoeivt  Jlgarei,  either  photographe  or  drawing*,  of  macHnet  or  coo- 
MiMncei  employed  for  tlie  tnhofemle  v»e  of  the  rarU  grren  mixture,  dlher  in  the  fiald  state  or 


tr;  or  any  after  itinii«  of  inachinee  or  trapi  emploi/ed  for  the  rltstraetioi  of  the  ii 
_i.  ->  — 1 .-II j__j__i.i_    __i  _.  ,j  Jj  j^i  bg  ei     -  . . .  .-  .1-  1 


■wf.   Modelt  of  mc'i  are  still  more  dtnrable,  and  man  ""  '^'  ^S  expreet  unpaid  to  the  de- 
partnmf. 

OTHBR  COTTON  INSECTS. 

There  are  many  other  insects  that  attack  and  do  mora  or  less  injury  to  the  cotton  ' 
plant.  Many  of  these  have  been  figured  and  referred  to  by  the  former  entomologist 
to  tbe  department,  Mr.  Townend  Olover,  but  there  is  much  yet  to  lesm  of  their 
habits  and  natural  history  and  of  tbe  best  means  of  subduing  them.  Specimens  of 
all  insects  that  may  be  fonnd  upon  the  plant  are,  therefore,  earnestly  solicited,  wlh 
innts  of  their  work  and  habite  and  the  amount  of  injury  they  do.  These  apeci- 
m  ore  beat  a«nt  by  moil,  In  tight  tin  or  wooden  boxes.    If  Itmg  (and  all  fonnd 


.gle 


INTKODUCTIOS. 

.f  fi. 

.    _.. ,  ._.„ .    . Dalittl«  cotton,  to  prcTODt 

shabiDg  SDd  breaking. 

Corretpondenti  mho  de»ire  lo  make  etptdal  obtenaHoJU  trilft  a  Kino  of  rtplj/img  lo  tAii 
cireitlar,  and  leko  .wuh  farlker  ^7^fll^malily^l  a»  to  tht  ^t  manner  <^  prferving  tpeoitiunt, 
teitl  Ttetitt  MiitUtnet  tmd/Hriher  intirueiUnu  upon  wnmtKitieatiits  mith  the  dmartment. 

CHAS.  V.  HILET, 

Entomologitl. 

Two  circnmHtancea  have  Homewhat  interfered  with  the  in qniry,  viz,  the  yellow  feTfli 
and  the  general  freedom  of  the  plant  from  the  Cotton  Worm,  the  serioos  injuries  of 
tliiH  last  havinfc  heen  reatricted  to  the  cane-brake  legioDS  of  Alabama  and  to  the 
soQlhwest  oonntiea  of  Georgia,  eapeoially  the  conntry  between  the  forks  of  the  Flint 
and  Chattiihooohee  BiTera—the  more  malorionB  portions  of  either  State.  Its  appear- 
anoe  in  injurious  aumbera,  both  here  and  in  Sonth  ToToa,  was  from  four  to  six  weeks 
later  than  nauol,  and  this  was  one  cause  of  the  small  amonnt  of  injur;  done.  The 
weather  at  the  time  of  their  great«Bt  abnndance  was  wet  nnd  interfered  with  the  ap- 
plieatiou  of  remedies. 

FrofeBBor  Comstock's  obaervationa  veie  chiefly  confined  to  that  fertile  cotton-grow- 
ing region  along  the  lineof  the  Alabama  Central  Hailroad,  known  aa  the  "  oaoe-brake.'' 
He  reached  Selma  July  SO.  There  he  met  many  prominent  planters,  and  Irom  them 
collected  important  atatiatica  respecting  the  occurrence  of  the  Cotton  Wonn  and  the 
resalts  of  experiments  in  the  nee  of  remedies  for  this  speciea.  July  33  he  began  bis 
fleld  obserrations  near  Union  town,  Perry  County,  and  from  that  time  on,  till  the  mid- 
dle of  October,  he  wae  constantly  engaged  in  studying  the  habita  of  cotton  Insects  qp 
plantations  in  Dallas,  Perry,  Hale,  and  Marengo  Counties.  His  only  absence  from  this 
region  was  from  Aagnst  10  to  Aogiiet  15,  when  I  directed  him  to  make  a  trip  throngh 
the  State  northward  as  far  as  Madison  County,  where  mnoh  cotton  is  grown.  Frofea- 
sor  Comstock  has  prepared  a  fnll  and  valuable  report,  which  will  be  incorporated  in 
the  tinal  report  of  the  investigation. 

Professor  Grote's  operations  vill  appear  by  the  following  extract  from  a  brief  report 
submitted. 

"Sir:  Iq  accordance  with  yonr  favor  of  July  18,  in  which  yon  directed  me  to  vialt 
the  States  of  Georcia  and  Florida  for  the  pnrpoae  of  making  obaervatione  on  the  in- 
sects injurious  to  the  cotton  plant,  I  proceeded  to  Savannah  and  during  the  following 
month  of  August  made  examinations  of  cotton  fields  at  different  points  between  Ba- 
Tunnah  and  Atlanta.  Having  charged  me  eniecially  with  that  phase  of  the  cotton- 
worm  inquiry  which  comes  under  the  head  of  migrations,  I  directed  my  chief  atten- 
tion to  making  observations  and  collecting  infotmation  on  the  appearance  and  mov»- 
mentsof  the  Cotton  Worm  (jjlelia  argillacea). 

"A  careful  survey  of  the  plantation  of  Dr.  Lawton,  near  Savannah,  from  Aagnst  1 
to  August  7,  and  the  cotton  patches  in  the  vicinity  convinced  me  that  the  worm  had 
not  then  appeared.  The  statements  made  to  me  were  to  the  effect  that  ita  eailieat 
appearance  was  usually  to  be  looked  for  aboot  the  middle  of  the  month.  Heni?  Gaa- 
ton,  engaged  in  planting  cotton  for  nearly  twenty  years,  said  that  the  first  brood  of 
worms  web  up  about  the  middle  to  the  latter  part  of  August,  giving  a  second  brood 
in  September.  The  worm  was  iirat  noticed  in  the  stronger  cotton  on  the  bottom 
lands.  •  •  *  Qe  had  observed  the  moth  before  the  appearance  of  the  worm,  bat 
had  never  noticed  It  in  the  eorly  spring. 

"Thia  teatlmnny  ia  given  as  a  sample  of  the  iafonnation  collected  from  various  in- 
dividnals.  While  August  seems  to  be  the  usual  time  fbr  the  appearance  of  the  worm 
on  the  mainland  on  the  coast  of  Georgia,  in  the  nelKhhorhood  of  Savannah,  the  teati- 
monv  of  Dr.  J.  3.  Lawton,  on  the  sea  Islands  o&  the  coast  of  South  Carolina  to  the 
northward  of  Savannah,  is  to  the  effect  that  the  worm  appears  sometimes  as  early  as 
July  and  is  then  usually  excessively  injurious  to  the  long-staple  cottons. 

"  In  Southwestern  Georsia  the  worm  is  noticed  as  early  as  the  last  week  in  June  in 
some  years,  and  the  main  damage  inflicted  in  the  State  seems  to  come  from  this  quar- 
ter. The  worm  occurs  there  every  year,  though  the  date  at  which  it  Is  noticed  va- 
ries. The  question  whether  the  so-called  'brood'  is  the  first  appearance  of  the  worm 
in  any  quarter  has  been  raiaed  by  yourself,  and  is  one  which!  hope  to  be  able  to  pay 
close  attention  in  the  spring. 

"  For  the  present  we  must  accept  the  testimony  that  the  wonn  seema  to  advaoM 
from  Booth WMt  Georgia  over  the  weatem  and  occasionally  over  the  central  portion 
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of  tbe  State.  It  eeema  to  coma  from  Decatur  to  Baker,  Calbono,  Dongberty,  and  Lee 
Counties.  AoeoTdinf;  to  preseut  testimon;  its  appearance  is  not  aiinuttaneoaB  over 
this  section  of  tbe  Stat«,  Ibe  Bontberu  portipna  beiof;  first  viaited. 

"From  tealimoD.v  eollected  by  myself  in  Athens,  on  tbe  occasion  of  the  meetiDg  of 
tbe  AgTienltoral  S'^ciety  of  Georgia,  tbe  follcining  counties  are  visited  by  the  CoDton 
Worm  every  year,  tbongb  tbe  e^act  line  is  not,  according  to  testimony,  tbe  same : 
Calboan,  Decatar,  Doogberty,  Lee,  Mason.  Scbley,  Taylor. 

"  Connties  in  which  the  wonn  is  not  noticed  every  year  are;  Bnrke,  Ctarbe,  F niton, 
Greene,  Hancock,  Jones,  Monroe,  Putnam,  Hichmond. 

"  It  Tvill  be  seen  that  the  central  portion  of  tbe  State  is  less  snbjeot  to  the  devasta- 
tion of  the  Cotton  Worm  than  the  southwestern  and  western.     -     •    - 


I  received  in  November,  1878,  fresh  instmctions  from  jon  to  proceed  to  Georgia 
for  tbe  purpose  of  ascertaining  whether  I  couid  find  (%gs  from  the  last  ntotbs  on  any 
portion  of  the  plant,  and  any  Taots  bearing  oa  tbe  hibernation  of  the  moth.  On  the 
plantations  near  Savannah  I  fonnd  that  the  worm  was  first  noticed  tbe  current  year 
on  September  4.  I  fonud  a  large  nnmber  of  the  chrysalides  yet  on  tbe  plant  on  No- 
vember 10  toSfi.  Tbe  uiehts  were  &osty  and  tbe  leaf  withered  and  scant.  In  plaoes 
sheltered  by  trees  the  leaf  was  still  green,  and  here  I  found  (November  16)  a  few  cater- 
pillars not  yet  spun  up.  A  large  number  of  the  chrysalides  were  empty;  aboDt  40 
per  cent,  contained  parasites.  Lew  than  a  quarter  of  the  chrysalides  contained  the 
nndevelopcd  moth. 

"  Under  yonr-inBlmctions  I  have  visited  tbe  Georgia  sea-islands  during  the  end  ' 
of  November  and  beginuiag  of  December.  I  found  that  tbe  worm  hod  appeared  this 
year  in  September  as  nu  the  mainland,  bnt  later  in  the  month.  It  had,  also,  not 
spread,  and  had  attacked  certain  comers  of  the  fields,  where  I  now  found  the  chrysa- 
lides. None  of  these  contained  undeveloped  moths,  but  they  were  either  empty  or 
icbneumonized.  There  had  been  no  second  brood  of  worms  on  tbe  islands,  nocording 
to  testimony  collected  bv  me,  and  which  was  borne  out  by  my  own  observstions. 

"As  tbe  resnlt  of  my  iate  observations  I  may  say  that  the  fact  is  confirmed  that 
the  Cotton  Wonii  passes  the  winter,  when  it  survives  at  all,  as  a  moth,  and  that  the 
last  fall  worms  do  not  leave  tbe  plant  to  web  up.  The  fnll  history  of  the  worm  in 
Georgia  can  be  mode  oat  when  the  country  is  fully  explored  in  the  spring  and  before 
tbe  first  appearance  of  the  worm  in  nnmbers.  It  will  then  be  made  clear  where  the 
first  targe  numbers  of  the  worm  come  from;  whether  they  are  the  results  of  fresh  in- 
vasJoos  of  the  moth  or  the  product  of  a  first  generation  from  eggs  of  hibernating  indi- 
vidn^a. 

"  Under  yoar  intelligent  Buperrlsioa  of  the  inquiiy,  and  with  the  facilities  which 
yon  poeaess  from  different  sections  of  tbe  South,  I  have  no  doubt  that  this  important 
matter  will  receive  final  and  fnll  elucidation. 

"My  thanks  are  due  to  Mr.  Z.  Bauers,  of  Saint  Catharine's  Island  ;  Dr.  W.  8.  Law- 
ton,  of  Savannah;  Messrs,  T.  G.  Holt,  of  Macon,  Ga.:  J.  E.  Eedwine,  Hull  County, 
Georgia  i  E.  C.  Orier,  Griswotdvitle,  Jones  County ;  J.  Pinckney  Thomas,  Wayne's 
Blnfif  Burke  Connty,  Georgia ;  State  Qeologist  George  \.  Little,  of  Atlanta,  Ga.,  and 
others,  who  have  assisted  me  in  my  work, 
"  Xonra,  respectfully, 

"A.  E.  QROTE. 

"Prof.  C.  V.  RtLBT, 

"Bnt«wu>U)si»i,  Department  JgriouUure." 

Starting  south  myself  the  latter  part  of  Angnst,  I  passed  through  Tennessee  to 
Mitchell  County,  in  Southwest  Georgia,  aud  thence,  during  September,  through  the 
cotton  sections  of  the  sontheostern  part  of  that  State  and  of  the  Caroliuas  and  Vir- 
ginia. I  was  at  this  tine  made  painfully  aware  of  the  hindering  effects  of  the  yellow 
ferer.  One  oan  scareely  conceive  of  the  panic  and  excitement  that  prevailed,  even  in 
legions  where  there  was  little  or  no  danger.  But  a  few  weeks  tiefoie  in  the  thicker 
eotfam  eonuties  of  Alabama  and  Georgia  the  prevailing  topic  of  conversation,  as  I 
leaned,  was  the  work  of  the  Cotton  Worm.  At  the  time  of  my  visit  its  injuries  were 
forgotten  in  the  aU-ahaorbing  subject  of  the  epidemic.  Cotton  fields  were  neglected, 
and  in  sight  of  acres  of  stripped  and  spindling  stalks  one  heard  but  the  nniversal 
refrain — yellow  fever,  yellow  fever.  It  seriously  interfered  with  my  own  plans,  and 
obliged  me  to  avoid  the  very  Mississippi  cotton  fields  which  I  desired  most  to  visit. 

Notwithstanding  this  serioos  drawback  to  the  pieseut  year's  operations,  much  that 
Is  valuable  aud  important  has  been  learned.     ■     ■     ■ 

In  fact,  oar  chief  efforts  dnrisg  this  first  year  as  United  States  Eato- 
BMlogiat  ver«  d6Tot«d  to  this  inTestigatioQ,  and  a  large  amoant  of  mate- 
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rial  had  beea  accnmulated  for  a  special  report  on  tbe  sabjeot,  of  which 
Congress  ordered  (March  3, 1879)  10,000  copies  to  be  pnblished.  In  the 
spring  of  1879  tbe  iovestigatioii  was,  by  act  of  Congress,  transferred 
A^m  this  department  to  the  United  States  Entomological  Commission, 
which  was  then  under  the  Interior  Department.  Owing  to  difficnlties 
which  grew  out  of  this  actioo,  we  resigned  the  position  of  entomologist 
to  the  Department  of  Agricaltare,  ander  Commissioner  Le  Due,  to  take 
effect  May  1,  lS7d,  and  at  tbe  next  formal  meeting  of  the  Commission, 
ill  subdividing  the  labors  of  its  members,  this  cotton-insect  work  was 
assigned  to  tbe  writer.  He  has,  therefore,  had  entire  charge  of  tbe  same, 
and  is  alone  responsible  for  the  work  and  for  this  report. 

Tbe  historic  facts  jnst  related  have  no  iuterest  here  except  as  they 
necessarily  bear  on  the  investigation,  which  Congress  evidently  in- 
tended to  be  continued  under  tbe  same  direction  as  that  nnder  which 
it  had  been  institnted.  But,  as  we  have  jast  seen,  a  speoia!  report 
on  the  subject  under  the  Department  of  Agriculture  had  been  ordered. 
Under  these  circumstances  it  became  very  desirable  not  only  that  tbe 
work  we  had  done  on  that  report  should  be  properly  brougbt  to  a  close, 
but  that  there  should  be  no  duplication  of  work  subsequently  and  no 
conflict  between  the  Department  and  the  Commission.  We  left  the 
Department  with  tbe  hope  that  such  would  be  the  case,  and  in  tbe 
appointment  of  Prof.  J.  H.  Comstock  as  oar  successor  we  anticipated 
the  realization  of  our  hopes,  not  only  because  of  bis  assurances  to  that 
effect  and  to  the  effect  that  those  who  had  been  associated  with  us  in 
the  office  and  were  familiar  with  the  work  and  our  plans  should  be 
retained,  but  because  be  himself  had  done  tbe  most  efScient  field  work 
as  one  of  our  assistants  and  was  well  qualified  to  complete  the  report. 
However  much  we  may  regret  that  those  hopes  were  subsequently  not 
realized,  or  deplore  tbe  subsequent  action  of  the  Department  in  ac- 
tively continuing  this  special  investigation  and  in  opposing  tbe  Com- 
mission, it  is  sufficient,  in  this  connection,  merely  to  mention  the  facts. 

Preparations  were  made,  in  accordance  with  the  law,  to  continue  the 
work  under  the  Commission  after  July  1,  1879.  Tbe  following  drcolar 
was  sent  to  correspondents : 

[Circnlu  So.  T.] 

EELATING  TO  THE  COTTON  WOEM. 

Dkpaktuent  of  thx  IntkrioR, 
Office  of  tbe  U.  S.  Entokolooical  Coxxissioh, 

Mr. :  '        '' 

DkiLB  Sir  :  The  aoderatgned  has  for  many  ;  ears  keenly  felt  that  there  was  great 
need  of  more  accurate  knowledge  of  the  habitsof  the  Cotton  Worm  (.JMIaor^InoM) 
and  of  the  other  inaectBiTijurinaBlf  affecting  the  cotton  plant,  aaalsoof  moiesatisfiM- 
tory  means  of  conntoracting  their  injnriea.  Becogniziog  tbe  vast  Importance  of  the 
■al{)eot  to  the  people  of  the  South,  one  of  hie  first  efforts,  after  accepting  the  poBitioa 
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of  entomologist  to  the  Ddp&rtmeot  of  Aipricnltare,  in  Mky,  ISTB,  was  to  eommenoe  a 
special  inT«$tigfttion  looking  to  those  flnds. 

Ad  appropriation  to  the  Department  waa  obtained  for  tb«  pnrpoao,  and  the  invevti- 
gatioD  waa  carried  on  under  his  direction  ap  to  the  time  of  hia  Naignation,  on  the  flrat 
of  Ua,v  laal.  Since  that  time  Congress  lias  required  the  United  States  Ed tomologloal 
ComoiisaioD  to  continue  the  n-orlc,  and  said  Commission,  ac  a  late  meeting,  decided  to 
place  this  part  of  its  ^ork  in  his  charge.  On  behalf  of  tbe  Commission,  he  would, 
therefore,  call  the  attention  of  coneepondenta  to  the  folloiring  qneations  jud  topics, 
with  Ihs  reqneat  that  answers  thereto,  orexperience  thereon,  be  returned  tobimsome 
time  before  October  next. 

Some  eaireapondents  whom  this  circnlar  will  r«ach  maj^  already  have  answered  a 
more  detailed  one,  sent  ont  last  year  by  the  writer  while  connected  with  the  Depart- 
ment of  Agriculture.  He  woniil  beg  snch  to  again  give  their  experience  on  the  fewer 
lopica  of  tbe  present  circular. 

Be  will  be  glad  to  receive  flgnres,  either  photographs  or  drawings,  of  machines  or 
conlrivancea  employed  for  the  wholesale  vse  of  the  Paris-green  niiiLtiire,  either  )u  the 
floid  slate  or  as  a  powder ;  or  any  otb^r  kinds  of  tnocbincs  or  traps  employed  for  the 
deBtmction  of  the  insect.  Models  of  such  are  still  more  desirable,  and  may  be  sent  by 
expicaa,  onpaid,  to  tbe  headquarters  of  the  Commission.  Correspondence  ia  solicited 
wheneTer  any  expense  must  attend  the  carrying  out  of  these  requests,  In  order  that  an- 
thority  may  be  given  to  make  the  necessary  outlay  and  thus  insure  the  refunding  of 
the  amount. 

Beepeotfully, 

CHA8.  V.  BILET, 

C*i«/  U.  8.  B.  C. 

1.  DnTJDg  what  year  was  cotton  first  grown  in  yonr  State,  county,  or  locality  I 

2.  How  many  years  elapsed  after  cotton  first  1>egan  to  be  grown  before  the  worm 
began  to  work  npon  it  I 

3.  In  tbe  worm  most  dreaded  after  a  mild  or  after  a  severe  winter  t 
A.  Do  wet  or  dry  summers  favor  its  molti plication  T 

&.  Whatistbeearlieatdate  at  which  yon  have  known  the  worm  to  appear  in  spring? 

6.  In  what  locations  does  it  moat  often  first  appear  I 

7.  What  is  your  experience,  and  nbat  are  your  views,  as  to  tbe  wint«r  habite  of  the 

S.  What  natural  enemies  of  the  worm  among  birds,  qoadrnpeda,  or  insecia  are  you 
fitmiliar  with  t 

9.  What  baa  been  the  reault  of  the  efforts  to  allure  and  destroy  tbe  moths,  and  what 
methods  bave  proved  most  satisfactory  t  Give  your  estimate  of  the  relative  value  for 
this  purpose  of  poiaoued  sugar,  molasses,  and  vinegar,  or  other  poisonous  substances, 

10.  Are  the  nA>tbs  most  attracted  to  sweetened  snbstances  when  smeared  npon  trees, 
boards,  &c.,  or  when  contained  in  veesels  in  or  near  which  lamps  may  be  lighted  t 

11.  Are  any  flowen  known  to  be  attractive  to  tbe  mothf  K  so,  specify  them  and 
their  season  of  blooming. 

12.  What  do  you  know,  ftem  yonr  own  observattoii,  of  tbe  influence  of  Jn(b  grown 
near  or  nith  the  cotton  f 

13.  Has  anything  been  found  more  generally  naefiil  and  applicable,  or  cheaper,  than 
tbe  nse  of  the  Paris-green  mixtnre,  or  of  arsenic  in  some  form,  to  destroy  the  worms  T 

14.  Have  yoa  known  of  any  injurious  effects  following  the  nse  of  this  poison,  either 
to  the  plant,  lo  man,  or  to  animals  f 

15.  State  what  yon  consider  the  Lest  and  most  efTective  method  of  destroying  the 
worms  in  your  section. 

16.  State  the  cost  per  acre  of  protecting  a  crop  by  tbe  best  means  employed. 
CorrapondaU*  mil  conftr  afafor  by  nunibtnitg  the  repliet  lo  eotreipoitd  vUk  Ikt  gtu*- 

Ho**,  and  ty  vriHug  oa  frat  one  ride  of  tk»paper. 
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The  appropriation  was  limited  that  year,  and  ou  that  account  a  licii- 
ited  force  of  assistanta  waa  employed.  Mr.  Schwarz  spent  considerable 
time  in  the  Colorado  bottom,  at  ColnmbaSf  Tex:,  and  later  at  Selma, 
Ala.,  with  Mr.  Patton.  We  spent  some  time  at  both  places  with  tl^ese 
gentlemen,  and  visited  a  number  of  other  points  at  which  there  seemed 
opportnuit^  of  gaining  experience  or  information.  But  our  time  was 
much  taken  up  with  the  office  work  of  the  Commissiou  and  with  the 
preparation  of  Bulletin  3,  or  the  first  edition  of  this  work.  Thin  was 
issued  January  28, 1880,  or  within  seven  months  from  the  time  the  Com- 
mission took  chartre  of  the  work.  A  summary  of  the  work  of  the  year 
is  given  in  the  introduction  to  that  Bulletin,  from  which  we  quote  the 
following  passage,  by  way  of  deserved  credit  to  some  of  the  earlier  stu- 
dents of  the  Cotton  Worm,  and  particularly  to  the  first  entomologist  of 
this  department,  since  deceased : 

The  need  of  auoh  an  iDTeetigstion,  uid  erenof  a  moch  more  tharonghone  tbau  the 
limited  meaua  bo  far  appTopTiAted  therefor  b;  CoDgrem  havu  permitted,  is,  I  venture 
to  believe,  mode  apparent  from  the  following  pages.  Mr.  Townend  Glover,  diirtiig 
his  earlier  c«Eiaeotion,  as  entomologiHt,  with  the  Pateut  Offlce  and  the  Department  of 
Agrioultore,  gave  much  time  to  the  etndy  of  the  insects  affecting  cotton,  and  pnb- 
liahed  !□  the  Agricoltaral  Reports  for  1854  and  1655  moch  valuable  information  there 
anent,  which  haa  been  a  text  for  most  enbseqnent  writings  on  the  snbjeot.  The 
science  of  entomolog;  was  then  in  its  infancy  in  tbie  country,  and  Mr.  Qlover  labored 
under  many  difflcnlties  in  the  proper  determination  of  species  and  in  other  ways, 
which  necesBarilf  prevented  that  scientific  nconracy  and  thoroaghaesa  which  Is 
desirable.  Yet  to  his  labors  and  those  of  a  few  Southern  men  like  the  late  Thomas 
Affleck,  of  Brenham,  Tex.,  and  Dr.  D.  L.  Phares,  of  Woodville,  Miss.,  we  owe  all  that 
was  known  and  in  any  way  reliable  on  the  subject  np  to  within  the  present  decade ; 
while  hiscopper-plute  flgnres  of  the  principal  insects  affevfinK  the  plant,  of  which 
fignres  he  published  in  I87S  a  limited  number  of  copies  for  distribution  at  his  own 
expense,  are  so  admirable  and  instrnctive  that  it  is  caase  for  ragret  that  they  were 
not  long  since  isxned,  with  appropriate  text,  by  the  Department  of  which  he  was  ao 
long  the  entomologist. 

It  may  safely  be  said  that  np  to  187S  scarcely  any  facta  hod  been  added,  by  direct 
obeervation,  to  those  nhich  Proteasor  Glovet  hod  published  regarding  the  Cotton 
Worm  twenty-flve  years  ago. 

Just  before  the  issuing  of  Bulletin  3  a  circular  was  sent  through  the 
State  Department  to  cousals  and  consular  agents  in  different  localities 
in  Mexico,  Central  and  South  America,  asking  for  such  particulars  con- 
cerning the  enemies  of  the  cotton  plant  as  might  bear  uiwn  the  ques- 
tion of  annual  immigration.  The  answers  to  this  circular  were  received 
too  late  for  insertion  in  Bulletin  3,  but  they  have  been  used  in  the 
preparation  of  Chapter  TV,  and  will  be  found  in  full,  together  with  the 
test  of  the  circular  letter,  in  Appendix  YII,  page  [59]  of  this  volume. 

During  the  year  1880,  by  virtue  of  increased  menus  provided  by 
Congress,  the  investigation  was  carried  on  with  more  vigor.  Among 
temporary  employes  engaged  for  special  work,  Judge  W.  J.  Jones  acted 
as  agent  in  Soutliern  Texas.  Prof.  E.  W.  Jones  was  engaged  in  Missis- 
sippi making  extracts  and  decoctions  of  different  native  ])lant3  to  be 
test«d  as  insecticides,  and  also  in  making  special  observations  on  the 
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Boll  Worm,  while  Dr.  Audeison  and  Jadge  Jobnaon  represented  the 
CommissioD  in  tbeir  respective  parts  of.  tbe  same  State,  making  esperi- 
roenta  themselves  and  also  assisting  Professor  Jones.  Mr.  Boane  was 
lo<9ted  for  some  time  at  Selma,  Ala.,  making  extracts  and  decoctions 
of  varioas  native  plants  in  that  region,  while  Jadge  Bailey  represented 
tbe  Commisaion  in  the  cane-hrake  region  of  the  same  State,  and  was 
more  paiticalarly  charged  with  what  pertains  to  tbe  food  babits  and 
hibem^tioD  of  tbe  parent  motb.  In  Georgia  Professor  Willet  made  a 
series  of  experiments  to  test  the  valne  of  fungus  germs  in  tbe  destruc- 
tion of  tbe  worm.  Professor  Smith,  of  Tuscaloosa,  Ala.,  was  engaged 
in  the  work  on  the  cotton  belt,  represented  In  Chapter  VI.  Prof.  J.  P. 
Stelle,  of  Mobile,  Ala.,  spent  nearly  Ave  months  In  Texas,  traveling  , 
from  place  to  place,  under  special  instroctions  as  to  observatioos,  while 
Mr.  Patton,  in  addition  to  assisting  in  the  office  work,  spent  part  of 
the  summer  at  Selma,  Ala.  Here,  also,  Mr.  Schwarz  was  stationed,  as 
'  we  foaod  it  convenient  to  make  this  point  a  sort  of  field  headquarters 
for  the  work,  especially  the  testing  of  remedies  and  remedial  appliances. 
Hr.  Hubbard  was  stationed  in  Florida,  principally  at  Uentrevllle  and 
Crescent  City.  Dr.  Barnard  had  his  headquarters  at  Vidalia,  La.,  ia 
tbe  early  part  of  Che  season,  making  notes  in  portions  of  Louisiana  and 
Mississippi,  bat  later  in  the  season  joined  the  force  at  Selma,  where  he 
gave  more  particalar  attention  to  the  machinery  experimented  with. 
Whatever  time  could  well  be  spared  from  the  ofQce  work  of  the  Commis- 
sion we  devoted  to  field  work,  visiting  during  the  months  of  July, 
Angust,  September,  and  October  the  different  agents,  and  personally 
aiding  and  suggesting  in  the  carrying  oat  of  plans  and  instrnctions. 

These  iostractions  were  given  in  special  correspondence  with  the 
agents,  as  also  in  Circular  Ko.  7,  and  in  the  following  snpplementary 
circular  letter : 

8UPPLEMENTAEY  IN8TEUCTION8  TO  AGEHT8. 

Office  of  thk  IT.  8.  Entouoloqical  Commission, 
So.  ITOO  13U  .Street,  WaiMngton,  D.  C,  Jaly  30,  1880. 

Id  ttdditlOD  to  ii)Btr.iotioiia  olread;  transmitted  to  you,  I  bereby  call  jonr  atten- 
tion to  a  few  important  points  which  should  have  especial  attention. 

In  the  applination  of  poisons  alread;  known  to  be  effeotaal  the  great  desiderstani 
is  to  aacertain  the  minimum  qnantit;  that  can  be  nsed  saccessfully.  It  is  my  inten- 
tion  to  perfitct  appliances  that  will  throw  either  an  extremely  fine  mist  or  an  ahnost 
impalpkble  cloud  of  dnst  from  near  the  ground  up  among  the  plants  and  on  the  under 
■idq  of  the  leaves. 

Teat,  thBTefoni,  thoroughly,  hy  a  series  of  experiments,  whether : 

I.  London  purple,  Paris  green,  or  arsenic  can  he  used  without  diluents  by  forcing 
tbem  dry  iu  minimam  quantity,  onto  the  plants,  and  ascertaining  how  much  ground 
a  pound  of  each  may  bo  made  to  cover. 

'i.  If  they  cannot  be  nsed  without  diluents,  the  minimum  qnantity  of  such  ditnents 

3.  How  far,  by  fine  apisying,  and  economy  iu  prevenliug  wastage  on  the  grouad, 
thr  nnmber  of  gallons  of  water  to  a  pound  of  these  materials  may  be  redooed — the 


yGoQt^lc 


ZXXn  INTRODUCTION. 

idea  being,  in  &1I  these  deeired  experi  meats,  to  lednoe  the  bnlk  and  expeDse  of  the 
dllaehts  bf  forcing  the  poisons  in  finer  aud  fewer  particln  op  Mnong  the  plwita 
rather  than  down  apon  them,  through  small  perforatioDi,  or  (what  will  prove  pref- 
erable) crescent-shaped  slits  of  varions  dimensions  In  nozzles  that  will  bear  great 
pressDre  from,  within. 

t.  Test  how  for,  *,  e.,  over  how  much  ground,  on  tbo  above  principles,  a  ponud  of 
pyrethram  ma;  be  made  to  go  and  still  prove  effectual. 

6.  Ascertain,  if  possible,  whether  the  moths  are  not  killed  by  sacking  at  the  glands 
where  the  plant  is  poisoned  from  below. 

6.  Ascertain  the  effects  of  these  different  poisons  on  the  eggs. 

7.  Always  note  the  difference  in  effect  on  the  very  yoang  and  the  fiill-growii 
worms. 

S.  Observe  well  in  the  woods  and  in  the  neighborhood  of  infested  fields  if  the 
Aletia  larva  can  be  fonnd  feeding  on  any  other  plant,  searching  particularly  plants 
of  the  same  famUy  (Malvacea)  or  that  to  which  cotton  belongs. 

9.  Not«  and  study  any  mites  fonnd  preying  on  the  eggs. 

10.  8end  me  a  summary  of  the  experiments  made  with  yeast  ferment  or  beer  mash 
by  the  middle  of  August. 

11.  Study  well  the  inflneoce  of  ants  in  the  cotton  field  and  in  how  far  the;  prove 
destructive  to  Aletia,  espeoially  to  the  egg  or  yonng  larva. 

Eespectfully, 

C.V.EILEY, 
CWtf  U.  S.  B.  C. 

Anottier  circdiar  (No.  10)  referred  to  other  ioaects  affecting  either  the 
root,  stem,  braDch,  leaf,  involucre,  blossom  or  boll,  but,  for  reafions  stated 
iu  the  Preface,  need  DOt  be  repeated  here. 

In  the  meantime  the  work  ne  had  left  unfinished  in  the  Department, 
together  with  some  additional  work  done  bj  Mr.  William  Trelease  under 
direction  of  oar  successor,  bad  been  prepared  for  publication,  and  was 
issued  in  August,  1380,  by  Professor  Comstock  as  author,  under  the 
title:  Report  |  upon  |  Cotton  Insects  |  prepared  ]  under  direction  of  the 
Commissioner  of  Agriculture  in  pursuance  of  an  Act  of  Congress  ap- 
proved June  19, 1878  j  By  |  J.  Henry  Comstock  [  Entomologist  to  the 
Department  of  Agriculture  j  Waahington  |  Government  Printing  OfBce 
I  1879  I  .  This  is  referred  to  in  the  following  pages  either  as  the  "  De- 
partment Report  on  Cotton  Insects  "  or  as  "  Comstock's  Cotton  loBect 
Report." 

On  July  1, 18S1,  the  U.  8.  Entomological  Commission  was  transferred 
by  previous  act  of  Congress  from  the  Department  of  the  Interior  to  the 
Department  of  Agriculture,  and  we  were  soou  thereafter  asked  to  re- 
sume the  position,  which  we  had  resigned  two  years  previously,  of  ento- 
mologist to  this  last  Department,  under  whose  auspices  the  investiga- 
tion has  since  been  carried  ou.  The  work  in  1881  aud  1882  was  chiefly 
devoted  to  the  preparation  of  the  present  report  and  to  the  testing  and 
perfecting  of  the  macbioery  that  had  been  devised,  the  Cotton  Conven- 
tion held  iu  the  autumn  of  1881  at  Atlanta,  Oa.,  offering  a  favorable 
opportunity,  and  much  time  having  been  given  to  the  preparation  of 
an  exhibit  of  such  machinery,  which  the  Commissiouer  desired  should 
be  made  there.    Such  further  experiments  as  were  made  with  insecti- 
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eidoB  were  incidental  to  tttose  made  previoiul;,  and  have  been  recorded 
in  the  poblicatioDa  of  tbe  Entomolofj^oal  Divieion. 

The  preparatiou  of  this  report  for  the  printer  was  virtaally  finished 
by  the  end  of  1882,  and  ve  owe  it  to  ooxself  and  to  the  pnblio  to  ex- 
plain hra«  the  reasons  for  the  delay  in  its  appearanoe.  The  chief  reason 
has  been  the  deeire  on  onr  part  to  have  all  the  more  practieal  qaeationa 
as  sattsCactorily  settled  as  possible,  and  every  one  who  has  been  en- 
gaged in  such  work  knows  how  one  experiment  snggesta  and  begets 
another,  and  how  difficult  it  ia  to  close  np  experimental  work  that  one 
is  deeply  interested  in.  We  also  felt  the  need  of  more  exact  kuowl> 
edge  of  the  facts  in  reference  to  Aletia  in  Brazil  as  bearing  on  the  hi- 
beroation  and  introdnction  of  the  species  within  the  States.  In  parsnit 
of  infonnation  upon  these  points  and  upon  qnestions  concerning  the 
coltiTation  of  cotton  in  Brazil,  Dr.  John  0.  Branner,  a  gentleman  fa- 
miliar  with  Brazil  through  his  connection  with  several  exploring  ex- 
peditions, was  sent  to  that  country  with  an  assistant,  Mr.  A.  Koebele, 
in  the  winter  of  18^-'83.  They  remained  there  some  four  months  and 
collected  a  targe  amount  of  interesting  material,  returning  in  May,  1883. 
Dr.  Branuer'a  preliminary  report  was  published  in  Bulletin  4  of  the 
Entomological  Division,  pp.  61-69,  and  that  portion  of  his  final  report 
which  treats  of  cotton  insects  forms  Appendix  Y  of  the  present  volnme. 
The  rraoainder  of  his  report  ia  published  in  Miecellaneons  Special  Be- 
port  No.  8  of  the  Department,  under  the  title  "  Cotton  in  the  Empire  of 
Brazil;  the  Antiqaity,  Methods,  and  Extent  of  its  Oultivation;  together 
with  Statiatica  of  Exportation  and  Home  Consumption." 

Then  during  this  time  the  third  report  of  the  Oommlssion  was  being 
prepared  and  issued,  while  the  labori  of  the  divisional  work  since  1881 
have  been  greater  than  ever  before.  We  have,  both  from  choice  and 
from  necessity,  made  the  finishing  of  the  literary  work  of  the  Commis- 
sion, which  expired  June  30, 1882,  secondary  to  onr  duties  as  entomologist 
to  the  Department,  and  the  general  work  of  the  DiviHion,  together  with 
the  preparation  of  the  bulletins  and  annual  reports  issued  since  1881, 
have  helped  to  increase  the  delay.  Finally,  there  are  delays  incident  to 
Oovemment  publication  which  those  who  have  had  experience  with  it 
very  well  understand,  but  which  the  outside  public  cannot  well  appre- 
ciattt.  The  chief  of  these  ia  that  the  Governmeut  Printer  finds  it  neces- 
sary to  set  aside  work  on  special  reports  daring  the  Besaions  of  Congress, 
so  that  the  summer  months  are  the  best  to  get  work  done  on  snch  si>ecial 
reports — the  time  of  year,  onfortanately,  when,  from  the  very  nature  of 
the  work  of  the  entomological  Division,  the  entomologist  is  most  occu- 
pied with  the  prosecntion  of  research  and  baa  least  time  for  literary 
or  editorial  work.  Yet  the  foct  remains  that  the  report  proper  was 
formally  submitted  in  March,  1884,  and  the  bnik  of  it  was  in  type,  with 
all  the  illnstrationa  made,  by  the  fall  of  that  year.  If  the  foregoing 
accooDt  of  the  iuvestigatjoa  upon  which  this  report  ia  based  and  expla- 
nation of  the  delay  in  its  appearance  indicate  some  of  the  difficulties 
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that  have  beset  ita  preparation,  it  mnst  be  remembered  that  they  are 
such  as  are  iucideutal  to  most  scieotiflc  work  of  an  official  nature,  or 
done  andor  the  Oovernment.  We  hope  and  believe,  notwithstanding, 
that  the  work  will  prove  of  standard  value  to  all  in  any  way  interested 
in  the  matter  of  which  it  treats. 

Chapters  I  and  II,  pertaining  to  classification,  nomenclature,  destmot- 
iveness,  charaeters,  habits,  and  natural  history  of  the  Cotton  Worm,  are 
condensed  as  mncb  as  possible.  The  reasons  for  abiding  by  the  spedfio 
name  of  the  species  originally  proposed  by  Say  are  more  fally  given  in 
Kote  2  than  in  the  text,  and  if  the  statements  in  regtml  to  babits  and 
natural  history  have  at  times  the  appearance  of  being  dogmatic  where 
they  conflict  with  previous  statement  by  others,  it  is  becanse  the  facts 
have  been  so  fully  studied  as  to  leave  no  room  for  (jaestion.  The  full 
hibernation  of  the  species,  within  onr  limits,  was  not  established  tiU 
the  spring  of  1S83,  by  our  finding  the  newly-hatched  worms  the  latter 
part  of  March  on  rattoon  cotton  in  South  Georgia  and  Florida,  but  it 
was  to  Mr.  Koebel^s  onfiagging  industry  (chiefly  at  night),  while 
stationed  at  Archer,  Fla.,  for  this  purpose,  that  the  hibernating  moths 
were  obtained  dnring  the  months  of  December,  January,  February,  and 
March. 

Chapter  III  consists  of  a  summary,  with  as  little  detail  as  possible,  of 
the  past  marked  api>earances  of  the  Cotton  Worm  in  the  United  States 
chronologically  given,  and  of  the  history  of  remedies  proposed  for  it 
The  history  of  the  literature  is  given  separately  in  Chapter  XIV. 

In  Chapter  IV  brief  consideration  is  given  to  the  distribution  of 
Aietia  x^lina  in  other  countries  than  the  United  States,  showing  that 
it  is  confined  to  the  Western  Hemisphere. 

Chapter  V,  by  Messrs.  Miuot  and  Burgess,  treats  of  the  anatomy  of 
Aietia  by  two  competent  histologists,  and  while  it  will  have  interest 
principally  for  the  scientific  reader,  it  will  prove  a  valuable  contriba- 
tion  to  a  phase  of  the  snbject  hitherto  untouched. 

Chapter  VI,  by  Professor  Smith,  treats  of  the  cotton  belt,  its  general 
characteristics,  and  its  peculiarities  from  meteorological,  agricultural,  ar- 
boricultnlral,  and  geological  standpoints.  This  subject  of  the  cotton  belt 
and  its  characteristics  is  one  that  always  interested  ns  from  the  jwssi- 
bility  that,  after  careful  study,  it  might  indicate  the  preferred  hibernat- 
ing regions  of  the  moth.  Its  proper  consideration  required  not  only  a 
thorough  knowledge  of  the  country,  but  geological  knowledge  which  we 
did  not  possess,  and  it  is  donbtful  whether  one  could  be  found  more 
thoroughly  fitted  to  consider  it  than  Professor  Smith.  His  work  has 
shown,  if  anything,  that  there  is  not^  as  we  anticipated  there  might  be, 
any  necessary  connection  between  the  surface  characteristics  of  the 
country  and  hibernation.  This  last  evidently  depends  more  on  mean 
winter  temperature  and  earliness  of  spiring,  and  if  any  conclusion  is 
warranted,  it  would  seem  to  be  that  the  dark,  low,  and  rich  strils  most 
conducive  to  the  increase  of  th^  worm  are  not  the  most  conducive  to 
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the  winter  preservation  of  the  moth,  which  fluda  its  most  favorable 
-winter  conditions  iu  the  sheltered  pine  regions  and  dry  aandy  soil  cov- 
ered with  wire  ffrass.  Bat  aside  from  this  Frofeasor  Smith's  chapter 
will  have  a  deep  interest  for  cotton  plnntera. 

In  Ohapter  Yll  we  have  briedy  coDsidered  the  influences,  direct  aod 
indirect,  which  the  character  and  coadition  of  the  soil,  of  the  plant, 
and  of  the  weather  have  npon  the  first  appearance  of  the  worms  aad 
npon  their  increase  and  destructiveness — a  subject,  as  the  contest  shows, 
of  DO  mean  importance. 

la  Chapter  YlII  the  natural  enemies  of  the  insect  are  treated  of  and 
their  value  as  checks  to  its  increase  considered.  The  list  is  a  long  one, 
and  those  of  its  own  class  are  treated  of  systematically.  Many  previoas 
errors  are  here  corrected  and  a  number  of  pertineut  entomological  facts 
for  the  first  time  published.  When  the  investigation  began  uot  a  sin- 
gle true  parasite  had  been  recorded  by  name,  whereas  over  a  doaen  are 
here  recorded. 

In  Chapter  IX  we  hare  dealt  with  each  preventive  measarca  aa  ^e 
worthy  of  consideration  by  planters,  while  in  Chapter  X  we  have  dealt 
at  length  with  remedies,  i.  e.,  with  means  of  coping  with  the  iDsect, 
whether  in  the  egg,  larva,  pnpa,  or  imago  state,  but  more  particularly 
with  substances  that  maybe  used  for  the  destruction  of  the  worm.  This 
is  the  chapter  which  will  probably  prove  of  greatest  value  to  those  for 
whom  the  report  is  primarily  intended,  and  we  bespeak  its  careful  con- 
sideration. While  many  substances  are  considered  which  have  no  value 
whatever,  yet  negative  resnlts  once  established  have  a  decided  value 
in  preventing  future  waste  of  time  and  energy  in  fatile  work,  and  the 
matter  of  the  chapter  is  based  on  original  research  and  experiment,  la 
treatiQfc  of  the  use  of  yeast  ferment  or  other  fdngos  germs  we  have  used 
essentially  the  language  of  the  first  edition.  Time  has  only  served  to 
confirm  ns  in  onr  opinion  of  their  practical  futility  in  the  field.  The 
qnestioD  of  the  practical  use  of  these  micro-organisms — these  disease- 
germs — as  insecticides  is  a  very  fascinating  one,  and  is  much  written 
about  jost  now;  but  unfortunately  it  proves  most  allarlng  to  those  who 
have  had  the  least  practical  experience  in  coping  with  ii^nrioDB  insects 
iu  the  field,  and  is  mach  more  apt  to  assume  importance  to  the  closet 
theorists  than  to  those  who,  ttoia  experience,  are  conscious  of  the  diffl- 
cultiea  involved  In  its  applicability. 

Chapters  XI,  XII,  and  XIII  treat  of  the  machinery  and  mechanical 
devices  which  are  in  nse  or  may  be  used  for  the  destruction  of  the  Insect, 
whether  direct  or  by  facilitating  the  application  of  the  varioos  snb- 
stances  treated  of  in  Chapter  X,  No  ezcoae  need  be  off'ered  for  the  rel* 
ative  length  of  these  chapters,  as,  owing  to  its  importance,  by  &r  the 
larger  part  of  the  time  and  means  employed  in  the  investigataon  has 
been  given  to  this  part  of  the  sabject.  In  the  early  part  of  the  in- 
vestigation we  personally  took  pains  to  acquaint  onrself  with  all  that 
had  been  done  in  this  direction,  and  studied  not  only  the  patents  that 
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ha<l  been  issaed  for  machtsery  to  be  used  against  the  Gottoa  Worm,  bot 
more  particularly  such  as  waa  actually  in  use  iu  the  field.  A  sammary 
of  the  resulta  was  given  in  Bulletin  3  of  the  Commission.  The  variety 
of  these  inventions  by  Sonthern  planters  and  the  JBgennity  displayed 
in  many  of  them  compared  very  favorably  with  what  had  been  done  in 
similar  directions  in  other  parts  of  the  coantry,  and  two  important  fiicts 
were  obvious  and  are  worthy  of  emphasis : 

First.  Though  there  is  every  reason  to  believe  that  the  ravages  of  the 
worm  were  proportionally  as  great  before  as  they  have  been  since  the 
late  war,  yet  all  the  more  important  inventions  pos^df^t«  that  period. 
Prior  thereto  only  the  more  primitive  and  ineffective  means  of  destrao- 
tioo,  such  as  hi>ad-picking  and  the  nse  of  fires  and  lights  in  the  fields  at 
night,  were  resorted  to. 

Secondly.  By  far  the  greater  number  of  the  maohices  have  been  in- 
vented in  Texas,  and  this  is  doubtless  due  to  the  circumstance  that  the 
worm  occurs  more  regularly  and  more  disastrously  there  than  in  other 
States.  Both  facta  are  indicative  of  the  more  healthy  development  of 
the  Soath  under  free  as  compared  with  slave  labor. 

The  more  satisfactory  machines  in  vogue  were  those  which  distributed 
the  liquid  poison  in  bntadcast  spray  or  sprinkle  over  the  surface  of  the 
plants  from  some  wheeled  vehicle  containing  a  reservoir  for  the  liquid, 
which  was  either  distributed  antomatically  or  by  means  of  foroe-pnmps. 
We  soon  became  convinced  that  whatever  improvements  were  possible 
■nst  be,  as  indicated  in  our  later  Instructious  to  agente,  in  the  direction 
of  spraying  the  onder  surfaces  of  the  leaves  and  of  reduoing  to  a  mini- 
mum the  quantity  of  poison  necessary  to  an  acre,  as  also  the  labor 
necessary  to  apply  it 

The  more  impori»nt  of  these  aims  was  first  foreseen  by  Mr.  W.  J. 
Daaghtrey,  of  Selma,  Ala.,  who,  in  February,  1878,  in  his  letters  patent 
{see  pp.  255-9),  fully  realized  the  advantage  of  fine  spmy  on  the  under 
side  of  the  leaves.  Although  the  very  ingenious  machine  contrived  by 
him  and  described  in  these  chapters  did  not  work  as  successfully  as  he 
had  hoped,  and  was  too  elaborate,  heavy,  and  expensive  to  prove  prac- 
tically successful,  yet  too  much  praise  cannot  be  given  Mr.  Daagh- 
trey for  the  clear  manner  in  which  he  saw  what  was  required  and  the 
skill  with  which  he  endeavored  to  put  the  principle  to  practice.  It  has 
been  our  aim  iu  this  part  of  the  work  to  develop  simpler  means,  that 
may  be  available  to  the  average  planter  for  attaining  the  same  object, 
and  we  would  more  particularly  call  attention  to  the  uuderapraying  ar- 
rangements described  on  pp.  288-293  and  supplemented  in  Note  62. 
In  order  to  accomplish  anything  of  value  in  this  field  of  machinery,  it 
was  necessary  that  some  competent  person  should  be  able  to  devote  his 
entire  time  to  carrying  out  our  ideas  and  to  such  experimentation  as 
the  objects  in  view  suggested  or  required.  Experience  had  shown  that 
a  professional  engineer  was  not  best  fitted  for  the  work,  and  we  were 
finally  fortunate  in  securing,  in  the  summer  of  of  1880,  the  services  of 
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Dr.  Baniard,  vho,  in  addition  to  bis  fanowledgo  of  Dataral  history,  pos- 
sesses mechanical  ingenaity  of  a  liigh  order.  After  giving  some  time 
to  general  observations  in  Mississippi  and  Alabama  in  the  sammer  of 
1880,  he  was  called  to  Selma  the  latter  part  of  August,  and  charged 
with  mechanical  work.  It  was  there  and  early  in  September  that 
the  cyclone-nozzle  originated  in  onr  endeavors  to  contrive  something  that 
woald  throv  a  spray  ttom  the  ground  np.  The  qnestion  waa  dis- 
enssed  betveen  ns  as  to  whether  water  forced  tangentially  into  a  flat- 
ened  disc  wonld  rotate  and  issue  Irom  an  ontlet  in  a  straight  or  in  a 
spreading  jet.  Dr.  Barnard  took  the  latter  view,  and  a  disc,  improvised 
by  means  of  two  watch  crystals,  so  as  to  permit  the  motion  of  the  liqnid 
to  be  seen,  proved  that  he  was  correct.  The  size  and  form  finally 
adopted  is  the  result  of  numberless  subsequent  experiments  covering 
a  period  of  nearly  two  years. 

While  we  have  always  had  a  number  of  original  ideas  to  carry  out 
and  onr  direction  of  this  work  has  been  active,  yet  Dr.  Barnard's  as- 
sistance was  fertile  from  the  first,  and  there  is  so  much  that  has  resulted 
therefrom  that  the  preparation  of  these  chapters  was  finally  assigned 
to  him,  and  he  deserves  mnch  of  the  credit  that  attaches  to  them.  It 
was  foand  expedient,  on  account  of  the  large  increase  of  matter,  to  de- 
part from  the  general  arrangement  adopted  in  the  first  edition,  which, 
while  it  had  the  merit  of  simplicity,  did  not  permit  of  so  thorough  a 
classification.  Much  of  the  material  in  that  first  edition,  is,  however, 
used  verbatim  in  these  chapters  and  such  is  placed  in  quotation  marks, 
BO  that  any  quoted  passage  without  authority  or  credit  may  be  under- 
stood as  being  from  that  edition. 

In  describing  these  various  machines  and  contrivances,  it  has  been  the 
endeavor  to  bring  to  the  notice  of  the  planter  all  that  are  worthy  of 
mention,  and  to  point  out  their  advantages  and  disadvantages  and  how 
they  may  be  used  most  economically  and  effectively.  The  planter  can 
then  jadge  for  himself  which  he  can  most  profitably  adopt  according 
as  his  own  circumstances  dictate.  Many  of  the  older  machines  and 
contrivances  are  thus  mentioned  or  described  (tbongh  now  superseded 
by  improved  ones)  because  they  are  of  interest  from  a  historical  point  of 
view. 

Chapter  XIV  gives  a  short  account  of  the  history  of  the  literature 
on  the  Gotten  Worm  and  closes  with  a  bibliography  up  to  and  including 
the  year  18SI. 

In  Chapter  XY  are  illustrated  and  described  some  of  those  insects 
which  either  in  the  larva  state,  but  more  particularly  in  the  imago  state, 
are  liable  to  be  confounded,  and  in  fact  have  often  been  confounded, 
with  the  tmo  Cotton  Worm.  As  the  northern  Army  Worm  {Leucania 
%%ipuncta)  in  the  imago  state  is,  from  its  color  and  frequency,  most 
often  thus  mistaken  in  winter  time,  we  have  introduced  a  colored  plate 
of  the  species  to  facilitate  comparison.    ' 

Chapter  XVI  is  devot«d  to  the  Boll  Worm,  and  will  be  found  to  oon- 
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tain  a  qnite  full  Mcoant  of  it,  especially  of  its  different  food-piants 
other  than  cotton ;  of  its  habits,  characters,  natural  history,  and  natural 
enemiea.  A  sammaryof  its  distinguishing  points  as  compared  with 
Aletia ;  a  full  consideration  of  the  different  methods  that  are  available 
to  counteriiot  its  itynries,  and  a  bibliography  are  also  given.  It  is  for- 
tunate that  the  best  methods  of  nnderspraying  the  leaves  of  cotton 
with  poisons  to  destroy  the  ^letia  also  piove,  all  things  considered,  tl>e 
best  means  of  preventing  the  iignry  to  cotton  of  this  Heliothla. 

Finally,  in. the  Appendices  will  be  found  sach  reports  from  agents 
and  observers  as  have  been  deemed  worth  publishing  as  sapplementary  ' 
to  the  report  proper.  The  tabulated  replies  to  the  first  circular  issned 
ftv>m  the  department  are  not  included,  as  they  were  published  in  the 
Department  Cotton  Insect  Report,  while  the  more  valuable  of  those  in 
reply  to  Circular  Ko.  7  are  given  in  Appendix  Til.  As  already  stated, 
these  Appendices  include  also  Mr.  Branner's  report  on  observationa 
made  in  Brazil,  as  well  as  tbereports  from  consular  agents  npon  the 
insect  in  other  countries. 

The  Notes,  as  already  stated  in  the  Preface,  either  contain  matter  of 
a  teohnicEkl  nature  that  it  was  deemed  advisable  ta  exclude  from  the 
main  text,  or  matter  needed  to  still  further  elnoidate  or  snpplemeut  it. 
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OLASSIFIOATION    AOT)   NOMENCLATUBE.     DESTEUCTIVE- 
NESS. 

POPCUB  AND  SCIENTIPIO  NAMES. 

Among  planters  the  Cotton  Worm  is  very  often  termed  the  "  CatOT' 
pillar,"  Or  the  "Cotton  Caterpillar,"  and  not  infrequently  the  "Army 
Worm."  We  have  elsewhere  shown'  why  this  last  tenn  shonld  be  dis- 
coanteaanced  in  the  literatore  of  the  sobject,  unless  prefixed  by  the 
vord  "Cotton,"  and,  both  for  tbe  sake  erf*  brority  and  to  prevent  con- 
cision, the  name  nscd  In  this  Bulletin,  and  by  which  tbe  insect  in  this 
larva  state  is  very  generally  known,  is,  on  the  wholo,  preferable.  In 
Louisiana,  more  particularly,  tbe  French  term  "cbeniUe,"meaning  cat- 
erpillar, is  commonly  employed.  For  the  perfect  Insect  the  term  "fly" 
is  more  often  osed  in  some  parts  of  the  South  than  the  term  "moth," 
bnt  the  latter  is  preferable  from  au  entomological  view. 

As  to  tbe  scientific  name,  the  species  was  first  described  by  Thomas 
Bay,  in  1827,  as  Ifoctua  xylina^  in  a  letter  to  Dr.  C  W.  Capers,  published 
in  the  Southern  Agriculturist  (vol.  I,  p.  203),  but  overlooked  by  most  later  ' 
writers.  Harris,  in  his  Correspondence,  placed  the  "  Cotton  Moth  "  ncai 
.  tbe  geiias  Opkiusa,  while  later  authors  more  correctly  referred  it  to  Dilb- 
ncr's  genus  Atiomis.  Mr.  A.  R  Groto,  in  1874,1  ariived  at  the  conclusion 
that  Say's  xylina  was  nothing  more  nor  Icaa  than  tbe  Aletia  argiilacea 
of  Hiibner,  described  and  figured  by  this  author  in  1823>.  In  this 
opinion  he  was  followed  by  subsequent  authors,  and  this  name  was 
adopted  in  Bulletin  3  of  tbo  Commission,  and  also  in  the  Special  Bcimrt 
of  the  Agricultural  Department.  Recent  studies,' however,  indicate 
that,  although  oar  Cotton  Worm  moth  is  fonud  at  Babia,  the  locality 
from  which  A.  argillaoea  was  originally  described,  this  name  was,  with- 
out much  doubt,  given  by  IlUbncr  to  an  entirely  distinct  species  also 
fbnnd  in  the  same  locality,  and  Say's  specific  name  of  xylina  shonld 
still  hold  for  onr  Cotton  Worm  moth. 

Accepting  the  dilTereuco  between  Arwinia  and  AUtia  as  of  generic 
Talae,  onr  Cotton  Moth  shonld  still  be  placed  in  Aletia;  and  the  common 
or  popular  name  "Aletia,"  which  we  proposed  in  the  Bulletin,  and  which 
has  come  into  quite  extensive  use  in  the  last  four  years,  may,  therefore, 
be  retained. 

*S«e8MMad  Aimnaiaapoctaa  Uu  boxIoiu,  banallcUI,  and  otber  InMcts  of  tlie  State  of  MiMonri, 
fPlM.  Am.  Amso.  Air.  Sd.  te  mi,  UTS,  t.  a,  Beo.  B;  p.  18-U. 
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We  may  briefly  givo  the  corrected  syaonymy  of  the  insect  as  follows  t 
Noctua  xsUna  Say,  1830. 
Opkiusa  (f)  xylina  (Say),  Harris,  1851. 
AntimU  grandipvncta  Guen^e,  1852. 
Anomis  bipvnctina  Gacn6e,  1852. 
J>eprcs8aria  gogsyptoides  "Wailea,  1854. 
AiiomiH  xyUrta  (Say),  Urotc,  1864, 
Aletia  argillacea  lltlbn.,  Grote,  1874. 
AUtia  xytina  (Say),  Kiley,  1881,  1833. 
A  leiia  Tylina  (Say),  Brooklyn  Society  CLeck  List,  1882. 
Fnrtber  particiilurH  will  be  found  in  ttie  K^otes  and  in  ebapter  XIV, 
Tliicli  treats  of  Past  History  and  of  Bibliograpby. 

CLASSIFIOATORT  POSITIOIT. 

The  OottoD  Wonn  moth  belongs  to  tbat  onler  of  iosccts  known  as 
the  LErrooPTERA,  xrbicb  inclndes  all  trae  buttcrdiea  and  moths.  The 
moths  (Ueterocera)  are  separated  into  a  number  of  families,  of  which 
the  Owlet  Moths  (Koctuida)  form  one  of  the  most  imiiortant.  This 
family  Jfoctuido!  is  of  great  interest  to  the  economic  entomologist,  for  it 
contains  not  only  the  insect  under  consideration,  but  all  tlie  true  Cut- 
worms, the  Army  Wonn,  the  Grass  Worm,  the  Boll  or  Com  Worm,  the 
Cabbage  Plusia,  and  many  others  of  scarcely  less  importance.^ 

DESTEUCTIVENESS  OP  THE  WORM. 

An  impartial  calculation  of  the  money  loss  to  the  cultivator  caused 
by  injury  to  the  great  staples  of  the  country  from  their  insect  enemies, 
is  sure  to  startle  us  by  its  magnitude  when  the  loss  is  aggregated.  Such 
a  calculation  of  tbe  losses  which  the  Cotton  Worm  (not  to  speak  of  other 
insects)  in&icta  on  the  people  of  the  South,  based  upon  the  somewhat 
imperfect  statistical  data  at  com  mand,  leads  to  tbe  following  interesting 
couclusioDS,  which  for  the  moat  part  receive  explanation  in  the  facts 
embodied  in  this  report.  The  calculation  embraces  fourteen  years 
after  the  close  of  the  civil  war,  and  was  made  by  Mr.  0.  R,  Dodge,  and 
verified  for  ns  by  Mr.  J.  It.  Dodge,  the  statistician.  Any  extraneous 
causes  which  tend  to  retard  the  growth  of  the  plant,  also  tend  to  swell 
the  percentage  of  injury  by  the  worm  when  it  abounds.  Where  an  early 
stand  is  secured,  with  thorough  cultivation  and  exemption  from  other  - 
causes  of  injury,  there  tbe  percentage  of  loss  is  least,  even  in  bad  Cotton 
Worm  years.  The  percentage  of  loss  is,  also,  dependent  on  location. 
When  the  injury  is  done  early  in  tbe  season,  tlio  loss  in  localities  of 
heaviest  production,  or  where  the  fields  are  numerous  and  contiguous, 
is  nearly  double  what  it  is  where  tbe  fields  are  more  isolated.  In  years 
of  severe  injury,  from  30  to  9S  per  cent,  of  the  crop  may  be  ruined  njion 
some  plantations,  while  on  others  the  loss  will  be  trifiing.  Tbe  highest 
average  of  loss  is  sustained  in  the  southern  portion  of  tbe  belt,  m  in 
Florida  and  southern  Texas.    It  increases  also  in  a  westerly  direction, 
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eommeDciog  vttli  Geoi^a  at  16  per  cent.,  or  16  bales  ont  of  every  100  of 
■n  average  crop  for  fifteen  years,  ADtl  eliding  with  Texaa  at  28  ]>cr  cent. 
In  the  northern  portion  of  the  belt  the  averages  are  )ow,  raagiii^  from 
6  to  8  per  cent,  for  the  eame  period;  while  in  many  parts  of  it,  und 
notably  in  Xorth  Carolina,  the  worm  appears  so  late  as  to  generally  do 
more  good  than  harm  by  removing  the  luxuriant  to]»  foliage,  ami  thtu 
admitting  the  snn  to  the  lower  bolls  and  baisteuing  thi-ir  matnrity. 

The  following  table  shows  the  amount  of  loss  iu  bales  and  dollars  for 
each  Btate  in  a  year  of  severe  visitation : 
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The  terms  "highest"  and  "lowest"  in  this  table  do  not  refer  to  the 
greatest  amonnt  of  injnry  or  to  the  reverse  inHicted  in  individual  locali- 
ties, bat  to  a  general  average  for  the  principal  counties  of  heaviest  pro- 
doctioa  on  the  one  hand,  and  the  average  for  the  remainder  of  the 
State  OD  the  other.  These  ftguree  are  derived  from  the  stntisticiil  rcimrts 
of  the  Department  of  Agriculture.  The  average  for  the  State  as  a 
whole  appears  in  the  third  column,  made  np  from  the  same  sources. 
The  fourUi  colomu  Is  made  up  trom  reports  of  the  cotton  movement. 
The  table  shows  a  possible  loss,  in  years  of  great  prevalence,  of  about 
$30,000,000.  On  this  basis  the  avenge  annual  loss  may  safely  be  pat 
down  at  about  $15,000,000  for  all  the  cotton  States  for  the  fbarteen 
years  following  the  war. 

There  have  been  two  prerloiiB  estimates  of  the  loss  occasioned  by  the 
wonn,  both  of  which  bear  ont  this  table.  In  the  rei^rt  (rf  the  Statis- 
tician of  the  Department  of  Agricnltore  for  1S77  the  loss  by  the  cotton 
worm  was  estimated  for  that  year  at  $16,000,000,  the  greater  portion 
of  the  loss  being  Buffered  in  Texas,  though  the  damage  was  considerable 
as  Ba  east  as  Alabama.  Kotwithstanding  this  loss  the  year  was  one 
of  nnnsoal  harvest,  hence  this  estimate  l>ears  out  well  our  estimate  of 
the  average  annual  loss.  In  the  report  of  the  Entomologist  in  the  an- 
naal  report  of  this  Department  for  1873  (p.  ItH)  there  appears  a  general 
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statement,  also  AumiBbed  by  tbe  atatUticiao,  7hidi  placed  the  amoant 
of  damago  at  possibly  600,000  bales  io  years  of  losect  prevalence.  This, 
at  $50  a  bale,  would  be  925,000,000,  also  doaely  approximating  onr  es- 
timate of  the  damage  in  worst  years.  Tlie  estimate  of  price  at  (50  a 
bale  for  the  fourteen  years  saceeeding  the  war  is  low  rather  than  hi|^, 
as  the  plantation  prices  between  1800  and  1870  ranged  from  (180  down 
to  (GO. 

That  the  damage  was  eriaally  great  before  the  war  there  is  no  reason 
to  doabt,  for  while  severe  visitations  have,  perhaps,  been  more  frequent 
since  that  time,  the  iiyary  has  been  greatly  diminished  by  the  use  of 
Paris  green  and  other  arsenical  poisous  since  the  year  1873. 

The  snbsidisry  table  of  losses  from  the  worm  for  the  year  1881  iUos- 
trates  this  point  quite  well : 

Xm«  ^  eottM  (y  worNU  M  rgiorM  la  1681. 
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CHAPTER   II. 


OHAEACTERS,  HABITS,  AMD  NATURAL  HI3T0KT. 

[Plate  I.] 

The  GottoD  Worm,  like  most  other  iasects,  and  all  belonging  to  its 
Order  and  Family,  exists  in  four  distinct  states,  wtiicb  differ  mach  from 
each  other.  They  are,  Ist,  the  egg  ;  2d,  the  larva  or  worm ;  3d,  the  ehry»a- 
lia;  4th,  the  imago  or  moth. 

The  ■worm  must  hatch  from  an  egg  deposited  by  the  female  moth. 
All  theories  to  the  contrary,  such  as  its  supposed  spontaneous  develop- 
ment from  the  plant,  or  its  origin  from  the  cotton-seed,  are  therefore 
ntterly  withoat  foundation.  They  need  emphatic  denial  here,  because 
of  their  prevalence  not  only  among  the  negroes  and  the  more  ignorant, 
but  among  intelligent  men  nufamiliar  with  the  principles  of 'biology. 
Such  theories  always  have  been,  and  doubtless  always  will  be  entertained 
in  explanation  of  the  apparently  sudden  appearance  and  rapid  multipU- 
oatioQ  of  any  insect  or  other  organism  in  which  the  preliminary  phases 
of  the  phenomena  are  easily  overlooked  or  with  difflcnlty  traced.  We 
will  indicate  the  characteriatics  of  these  four  states,  so  as  to  enable  the 
reader  nnacCjuainted  with  any  or  all  of  them  to  recognize  the  species  ia 
any  phase  of  its  growth  and  to  distinguish  it  from  all  other  insects,  and 
will  give  detailed  descriptions  of  the  different  stages  elsewhere,'  On 
Plate  I,  more  particularly,  we  have  represented,  of  natural  size,  all  the 
different  phases,  as  they  may  be  observed  in  the  field. 


The  egg  is  0.&"'  wide,  circular,  much  flattened  and  ribbed,  aa  at  Fig.  1. 

Of  a  bright  bluish-green  or  sea-green  when  first  laid,  it  contrasts  snffi- 

ciently  with  the  warmer  green  of  the  leaf  to 

bo  easily  detected,  even  by  the  naked  eye 

when   practised   (Plate  I,  Fig.  1).     It  is  j 

laid  singly,  and  fastened  with  such  firmness  I 

as  not  to  be  easily  removed  without  injury.  1 

Itis  laid  by  preference,  during  early  summer, 

on  the  under  side  of  the  larger  and  lower 

leaves,  and  seldom  more  than  three  or  fourFio.i...Eooof  ALm*:a.froniaboT8| 

are  found  on  one  leaf.     In  confinement  and    t.  from  aida.  <After  EUry.) 
exceptionally  in  nature  it  will  be  laid  on  the  upper  surface  of  the  leaf, 
or  on  any  other  exposed  part  of  tlie  plant.     In  autumn,  more  particu- 
larly, the  npper  leaves  receive  a  due  share  of  the  eggs,  and  we  have 
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counted  as  maoy  as  49  eggs  and  egg-shells  od  a  single  leaf.  With  dft- 
Telopment  the  color  becomes  more  dingy,  or  pale  jellowtsb,  freqoently 
■wilb  brownish  borders  or  a  green  curve,  due  to  the  coiled  embryo,  which 
may  be  seen  through  the  tnmHpnrent  shell.  The  young  worm  or  larva 
eiits  its  way  out  through  au  irregular  hole  on  one  side,  usually  during 
the  morning,  ere  tho  dew  is  dissipated,  and  from  three  to  four  days  after 
ovipo.sitiou.  This  is  tho  average  time  elapsing  butweeu  the  laying  of 
thiivgg  and  the  hatchingof  the  worm  therefrom  inonliuary  uudaummer 
weather,  but  the  time  varies  with  the  temperature,  and  a  much  longer 
period  is  requiri'd  in  spring  and  late  autumn. 

All  egg.'4  perish  that  are  unhatched  when  overtaken  by  frost,  as  is 
not  infrequently  the  case.  The  vaciited  and  glisteiiiug  shell  ia  mor» 
readily  noticed  upon  the  green  background  than  the  unhatched  egg. 
At  rig.  1  wo  hiive  shown  one  of  the  more  perfect  eggs  both  from  abovs 
('()  and  from  the  aidii  {&},  and  greatly  enlarged,  so  as  to  indicate  the 
B^rnlptnrt',  the  natunil  size  being  indicated  between  them. 

ilumidity  seems  to  favor  hatching.  Aphides  or  plant-lice  are  quit* 
often  mistaken  for  tho  eggs  of  thisinsect,  while  the  "Mealy-bng''(i>acfyl- 
opitt.1  Hp.),  a  species  of  Aleurodes,  the  eggs  of  the  Ijiidybirds  (Cocciitet- 
Ui(E),  those  of  the  Laee-wiugs  [Chrysopn),  and  even  a  minute  suail,  not 
uncommon  on  the  cotton  plant,  are  likewise  so  mistiiken. 

THE  WOBJI  OB  LAEVA. 

This,  as  it  appears  in  its  different  stages  of  growth  oa  Plate  I,  is 
familiar  to  every  planter.  Varying  greally  in  groundcolor,  it  is  c)iar> 
acterized  by  the  particular  position  of  tho  black  pil- 
iferous  sjtots  upon  tho  head  and  upon  the  body ;  by 
the  white  ring  which  surrounds  each  of  these  spots; 
by  its  pure  white  subdorsiil  lines  and  by  its  elougate  and 
slender  form.  It  is  a  semi  looper,  the  first  pair  of  pro- 
legs  being  very  much  reduced  in  size  and  seldom  used, 
and  the  second  pair,  though  longer,  ooly  abont  half  as 
long  08  the  siicceediug  pair,* 

The  worm  molts  five  times   during   growth   and 
changes  appC'irancebutlitlleaftertheflrstmolt.    Ez- 
^  ceptioually  only  four  molts  are  suffered, 

The '  newly-batched  worm  measures  1,0°"",  is  of  a 
D  uniform,  pa'e  dingy  yellow,  marked  as  in  Fig.  2,  with 
"^arvto™'  "iAi^rP"li«l»<^*l)  \i\Afk,  slightly  elevated  spots,  eacli  bearing  a 
BiiBj-.)  sliort,  pale  hair.    Before  tho  first  skin  is  shed  the  color 

often  becomes  slightly  greenish  and  sometimes  inclines  to  orange.  Alter 
the  first  molt  the  pilifcrous  spots  arc  more  conspicuous,  the  hairs  from 
them  longer  and  black,  and  the  characteristic  markings  appear,  though 
less  distinctly  than  after  the  second ;  but  from  this  time  on  the  prevail- 
ing color  is  very  variable,  being  cither  entirely  of  various  shades  of  pal« 
or  pea-green,  or  more  or  less  intensely  black  along  the  back. 


.,glc 


HABITS   OF   THE   LABTA.  7 

The  Dorm^uamber  of  larval  molts  is  five.  Tliis  is  the  tinmber  which 
we  have  observed  during  tbe  aatai^n  months,  while  in  midsainmer,  when 
the  derelopment  is  more  rapid,  we  have  on  sevenil  occoaioiis  traced  but 
fonr.    The  term  of  larval  esiat^nee  varies  from  oue  to  three  weeks. 

There  is  a  very  general  belief  among  planters  that  tbe  first  worms  of 
the  season  are  pale  and  tbe  late  ones  (lark,  and  while  lioth  ligh'  and 
dark  worms  may  always  he  found  together  in  spriiif;,  summer,  or  fall, 
it  is  tme  that  tbe  green  ones  predominate  early  in  the  season  and  tbe 
dark  ones  later.* 

Immediately  after  molting,  the  body  is  pale  and  without  marking — a 
miewith  all  molting  animals.   After  tbe  earlier 
molts,  (he  cast-off  skin  which  remains  more  or 
leas  fully  stretched,  is  sometimes  eaten. 

Some  of  tbe  peculiarities  in  the  habits  of  the 
worm  deserve  mention  here,  because  of  their 
practical  bearing. 

Until  after  tbe  second  molt  it  always  remains 
on  the  under  side  of  the  leaf,  feeding  upon  t  be 
parent^byma,  and  leaving  uutouched  the  conrs- 
erveins,stomata,andupi)er  skin  or  epidermis. 
The  leaves  where  they  are  thos  feeding  present 
a  blotched  appearance,  tbe  semi-transparent 
epidermis  tiecomiug  pale  yellowish,  and  these 
blotches  are,  as  a  role,  at  ouce  distiliguishable 
from  other  somewhat  similar  ones  made  by  a 
few  other  insects.*  VJV 

After  tbe  worm  begins  to  eat  entirely  through 
the  leaf,  wbicb  is  usually  before  the  third  molt, 

but  sometimes  later,  it  instinctively  ascends      a:  o 

ton-ard  tbe  top  of  the  pbiut  and  feeds  on  the^^-^-^'"-'''"^^^'^"'''''-''"^' 
more  tender  foliage,  "ragging"  It,  to  use  the    namnii si«>.   (AfwrKiioj.) 
expressive  language  of  the  planter. 

It  can  let  itself  down  by  a  web  from  tbe  moment  of  birth,  but  can  also 
fiing  itself  from  one  part  of  the  plant  to  another  in  a  manner  quite 
characteristic.  The  fling  or  jnmp  is  made  by  bending  the  fore  and  raised 
partof  tbe  body  to  one  side  and  thensuddenly  jerking  it  to  the  opposite 
side, relaxing  meanwhile  tbe  three  bind  pairs  of  tegs  by  which  it  held  to 
the  plant.  This  is  a  quite  common  mo<le  of  motion  when  disturbed,  and 
the  normal  way  of  getting  from  one  plant  to  another.  The  maximum 
distance  which  a  worm  can  thus  jump  in  a  horizontal  direction  is  about 
two  feet,  and  it  almost  invariably  alights  on  its  legs.  During  chilly 
weather  in  autumu  this  motion  is  feeble  and  can  be  easily  watched. 
When  not  feeding,  the  worm  either  rests  stretched  straight  on  some 
part  of  the  plant  or  may  be  seen  swaying  its  fore  body  from  side  to  side, 
holding  tbe  while  by  the  hind  prolegs. 

Though  preferring  the  foliage,  it  will,  when  hard  pushed,  eat  every 
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exposed  jiart  of  the  plant,  even  barktog  and  girdling  the  Htems.  In 
feediug  on  the  bolls,  however,  it  does  not  bore  like  the  Bolt  Worm 
{Beliotkia  armigera),  but  eats  the  external  parts  aa  well  aB  their  coa< 
tents.  It  is  not  known  to  thrive  on  any  other  plant  than  cotton,  although 
probability  points  tQ  tbo  belief  that  there  will  yet  be  fouod  one  or  two 
more  such  food-plants,  botli  at  the  North  and  at  the  Sonth.'' 

As  one  correspondent  naively  puts  it, "  the  worms  feed  only  on  cotton 
and  one  another,"  the  cannibalistic  propensity  being  freely  indulged 
when  the  occasion  presents.  It  is  a  common  remark  that  the  presence 
of  the  worm  is  easier  detected  by  smell  than  by  sight.  The  planter 
says  that  he  can  "smell  the  worm."  There  is  a  pecnliar  cxlor  arising 
from  the  excrement,  but  particularly  from  the  gnawed  and  mutilated 
leaves,  that  gives  nse  to  this  siiyiug ;  but  where  the  worms  are  numer- 
ous and  large  enough  to  render  it  obvious,  there  tbey  have  already 
existed  several  days,  jierhaps  weeks,  in  smaller  iinmbers. 

When  numerous  enough  to  utterly  defoliate  a  field  before  they  have 
attained  full  growth,  ^he  worms  will  travel  in  alt  directions  ou  the 
grouud,  and  they  have  been  exceptionally  known  to  collect  together 
and  travel  in  vaat  bodies  in  their  search  for  fresh  food. 

THE  CHRYSAI.IS. 

Having  obtained  full  growth,  tbe  worm,  in  the  language  of  the  planter, 
"webs  Hp,"formiugfor  protection  a  more  or  less  perfect  cocoon,  usually 
within  the  fold  or  roll  of  a  leaf  sparsely  lined  with  silken  meshes.  Hera 
it  contracts  and  thickens,  tbe  distinctive  marks  are  nearly  obliterated, 
and  the  green  color  acquires  a  venligris  hue.  "Within  twenty -four  hours, 
in  midsummer,  the  skin  splits  just  back  of  the  head,  and  is  gradually 
worked  to  the  end  of  the  forming  citrj-salis,  now  soft  and  green,  but 
acquiring  in  the  course  of  an  hour  or  more  a  bmwo  color  and  firmer  con* 
gistence.  This  chrysalis  state  lasts,  on  an  average,  about  a  week  in  hot 
weather,  but  may  extend  to  thrice  that  time  with  lower  temperature. 
Where  necessity  obliges,  the  worm  will 
spin  up  on  any  other  plant  or  in  any  I 
'  situation  that  offers  shelter.  Id  con- 
finement it  will  make  a  cocoon  on  the 
surface  of  the  ground,  covering  and 
disguising  the  satne  with  particles  of 
earth,  or  it  will  even  transform  on  the  ■how  cnuuuier  rmm  uo  siuo  (a)  ud  ftomba- 
ground  without  silk  or  shelter.  Such  "'"'^  ""■  '^^'  ^"'"** 
cases  rarely  if  ever  occur  iu  a  state  of  nature,  but  when  the  worms  are 
very  numerous  in  a  field  the  chrysalides  frequently  have  their  leafy  pro- 
tection eaten  away,  so  that  many  of  them  either  hang  by  the  few  hooks 
at  the  extremity,  or  fall  to  the  ground.  In  no  case,  however,  does  the 
worm  burrow  in  tbe  ground  -.is  does  the  Boll  Worm,  or  could  tbe  moth 
issue  from  the  chrysalis  were  the  latter  accidentally  buried  even  an  inch 
beneath  the  surface. 
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We  shall  presently  see,  in  discassing  the  hibernation  of  the  species, 
that  it  is  qaite  important  to  distingnish  between  this  chrysalis  and 
others  that  closely  resemble  it,  and  to  enable  the  leader  to  more  readily 
do  BO  an  ealai^ed  oatline  is  here  introdaced.  The  color  varies  from 
light  mahogany-brown  to  deep  purplish-brown,  while  the  general  form 
is  that  belonging  to  many  other  chrysalides.  UTeither  form  nor  color 
can  serve,  then,  as  distingaishitig  traits,  and  the  same  is  true  of  size. 
The  pecnliar  form  of  the  cremaster,  or  anal  tubercle  bearing  the  book- 
lets (Fig.  4),  will  prove  the  best  and  safest  criterion,  and  any  chrysalis 
foand  in  a  cotton  field  that  has  a  different  tip  may  be  safely  detei  mined 
as  not  that  of  tbo  Uotton  Worm.  The  duration  of  the  chrysalis  state 
also  averages  about  fifteen  days.  We  have  known  it  to  last  but  sevett 
days,  and' Mr.  Glover  records  its  lasting  thirty  days.* 

THE  UOTH,  OB  IMAGO. 

The  moth  measures  from  Ij^  to  1^  inches  from  tip  to  tip  of  wings  when 
these  are  expanded.  Its  general  color,  above,  is  olivaceous,  more  or 
less  effectually  subdued  by  lilaceons  or  purple       y  v 

hoes,  and  often  having  a  clay-yellow  or  faintly      {     *^    li     >*     j 

golden  cast.     The  under  side  is  more  gray,  with       ^' \^&^'~-^ 

nacreoas  reflections.  «'■ a  IJ  A 

The  markings  that  more  purticularly  cbarac-  /  VWf  \ 

terize  and  distinguish  it  from  all  other  North  z  AA/vSA  \ 

American  motbs  are  certain  undulating  vinous   °^  /^  ^^ 

or  carmine  lines  across  the  front  wings,  a  dark      /nj*"  J^Tl"\ 
oi-al  spot  near  their  disc,  containing  pale  s'cales    yV^"v'«i,.-LwT'VVV 
which  nsnallyfonn  a  double  pupil  (the  basal  or  )i**-^'"''„^^SW^^"'-*^^«n 
inner  pcipil  the  smaller  and  whiter),  and  three  ^ae^^"^^    ^*^^**J 

ing    the     ipace  '^S!'i^Ml^^r^^'^'^,:^-^^l^. 
hetureen  this  dark  "'  »'"■   '^fw  ™''J'' 
spot  and  the  shoulder  in  about  three  equal 
parts.    (Fig.  C,  a  a  a.) 

I  The  sexes  are  not  readily  distinguish- 

able,  as  the  relative  stoutness  of  the  male 
antenufe  compared  with  those  of  the  female 
is  so  slight  as  to  be  no  safe  guide.  An 
examination  of  the  tip  of  the  abdomen, 
especially  from  the  side,  will  always  show 
the  difference,  however,  the  last  joint  in 
the  male  (Fig.  6,  a)  being  the  longer  and 
t^Tt.'t^'d^^U^'^iffur  "no™  f""i  and  the  palo  tufts  of  Iiair  that 
""^■i  belong  to  the  withdrawn  genitalia*  show- 

uig  within  or  beyond  the  squarely  docked  tip;  while  in  Ihe  female  (Fig. 
6,i)  this  joint  is  shorter,  more  pointed,  and  obliquely  truncate  beneath. 
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The  babitfl  of  tilis  moth  caD  only  be  stadied  at  night,  as,  like  almost 
oil  the  rest  of  its  family,  it  is  noctarnal.  During  the  day  it  simply  starta 
H])  wlien  disturbed,  aod  darts  by  swift  and  low  flight  to  8om«  other  she!- 
tered  8))0t  a  few  yards,  or  perhaps  rods,  away.  After  sanset,  however, 
it  may  Ije  seen  leisurely  hovering  about,  either  bent  on  the  perpetaa- 
tioii  of  its  kind  or  feeding  opon  whatever  sweets  it  can  get,  whether 
from  the  cotton  or  from  other  eonrces.  It  is  very  strong  and  swift  of 
wing,  aud  capable,  when  the  necessity  arises,  of  flying  long  distances. 
In  alighting  upon  the  plant  it  generally  turns  its  bead  downward,  and^ 
wbea  it  rests,  lUe  wings  are  hut  shallowly  roofed,  the  front  ones  closed 
along  the  back  and  fully  hiding  the  hind  ones.  In  this  respect  It  may 
alvuys  be  distinguished  fhjm  the  parent  of  the  Boll  Wonn,  which  resta 
with  the  frouc  wings  portly  open  and  not  ^itirely  covering  the  hind 
ont'B. 

The  female  begins  to  lay  her  eggs  in  fh>m  two  to  foar  days  after  issn* 
hig  from  the  chrysalis,  the  time  varying  with  the  dliferent  generations 
end  according  to  tem|ieraturc. 

In  experiments  which  we  have  made  with  moths  confined  in  vivaria, 
egcs  have  sometimes  been  laid  thirty-six  hours  after  isaning,  and  the 
mollis  have  coKtiuned  laying  for  twenty-one  nights,  tJie  number  laid 
eaeli  night  ranging  from  4  to  45, 

Exaniiuatiou  of  tLe  ovaries  of  females  at  different  seasons  shows  a 
much  greater  iirolillcacy  than  belongs  to  most  moths,  as  the  nnmber  of 
Wf  It-developed  ova  may  reach  500,  and  of  potential  ova  half  as  many 
more.  In  cou&nemeut  it  is  difficult  to  obtain  from  one  female  more  than 
300  eggs,  but  that  fully  double  this  number  are  produced  in  the  field 
during  the  height  of  the  season  there  can  be  Uttledoabt,  while  the  aver- 
age nnmber  mny  be  estimated  at  about  400. 

Tbe  natural  food  of  the  moth,  as  we  first  indicated  in  the  fall  of  1S78,' 
is  the  sweAt  cxndatiou  from  the  glands  ui>on  the  mid-rib  of  the  leaf  and 
at  the  base  of  each  lobe  of  the  involucre  of  the  cotton  plant.*  Never- 
theless it  is  attracted  to  all  kinds  of  sweets,  and  in  most  parts  of  the 
South  it  finds  a  bonntiful  supply  in  the  exudation  from  the  spikes  of 
I'aKpalum  lace,  a  tolerably  common  grass,  but  particularly  in  that  copi- 
ously secreted  by  glands  at  the  ai>ex  of  the  peduncle  just  above  the  pods 
of  the  Cow-jtea  {Driliohos).  In  the  spring  of  the  year,  as  Judge  Bailey, 
of  Marion,  Ahv.,  has  observed,  it  may  often  be  seen  in  the  evening  feed- 
ing iu  numbers,  first  from  tbe  blossoms  of  the  Chicasaw  plum,  and  sub- 
sequently from  those  of  the  peach,  Ctiinese  quince,  mock  orange  {Cera- 
tut  earolinensis),  the  early  apples,  and  blackthorn.  Later  in  the  sea- 
son, wbeu  the  glands  above  mentioned  begin  to  exude  and  the  tree 
blossoms  are  no  more,  the  moths  do  not  seem  to  be  attracted  by  otber 
nectar- storing  fiowers,  since  observations  iu  different  Southern  States  by 
onrself  aud  attnistants  have  resulted  in  finding  but  one  species  of  verbena 
( Verbena  aubletia  L.)  frequented,  even  where  both  moths  and  all  sorts  of 

•  Sa*  lllMte  (Ok.)  OmutiluAMScpMBiberSO,  ■ndfinMC^^aHHMnVonmlMiU.UTI. 
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flowers  were  abondant.  Bat  fraits  of  all  binds  aa  they  ripen  are  re- 
sorted to,  and  figs,  apples,  peaches,  plnms,  apricots,  grapes,  persimmons, 
and  even  melons,  are  often  greatly  injiired. 

C  aref u  tly  exami  ned ,  th  e 
tongue  is  seen  to  be  armed 
along  its  terminal  half! 
with  stoQt  and  sbarp 
spines  proojecting  for- 
ward from  tbe  upper  sur- 
face   and    increasing   in 

density  toward  the  tip,  rq.  T_COTroic  imH^  *  ,. _._    

which  is  beset  with  them  ''^^''-   (if^'i^^i) 

on  all  sides.  It  is  by  means  of  this  spinous  tip  of  tbe  tongue  that  the 
moth  works  a  hole  in  these  fruits,  and  is  thus  enabled  to  absorb  the 
more  liquid  jwrtions.    Apple  pomaco  is  eapeci.ally  attractive  to  them. 

We  have,  in  fact,  been  quite  astouishud  at  tbe  perforating  power  of 
the  proboscis  ^s  exemplified  in  the  puncturiug  of  hard,  unripe  pears. 
We  have  knowrf  such  to  be 
punctured  quite  deeply,  the 
effectof  the  puncture beiug to 
soflen  and  discolor  the  fruit 
for  some  distance  around. 
The  accompanying  illustra- 
tion {Fig,  8),  which  gives  an  > 
enlarged  view  of  tbe  partly 
coiled  proboscis  and  a  still  no. » -rnoDocm  op  autui:  a.  »■«  cniifd  prohoMi*, 
more  highly  magnified  view  Zi"'^n'l  "at.  I'-erBlX"^*) "'  ""  "'  '^" '"°™  ^"' 
of  its  tip,  will  explain  more  clearly  than  words  its  adaptation  to  such 
puDCtariug.  The  stiff  and  sharp  spines  are,  in  fact,  admirably  suited 
for  rasping  and  lacerating  the  pulp  and  thus  setting  free  its  juice.  This 
puncturing  habit  is  possessed  by  several  other  moths,  and  notably  by 
an  Australian  species  (Ophiderea  fulloniea),  which  is  very  injurious  to 
oranges,  and  the  etructurc  of  the  proboscis  of  which  has  been  well  illus- 
trated by  Mr.  Kiinckel.*  A  number  of  our  owu  North  American  species 
of  Noctoidffi  likewise  have  the  tip  of  the  proboscis  more  or  less  spinose, 
indicating  that  they  also  possess  the  power  of  extracting  juices  from 
other  sources  than  tbe  nectaries  of  fiowers. 

TIME  ELAPSma  FEOM  ONE  GENEEATION  TO  ANOTHEE. 

This  varies  according  to  temperature,  and  therefore  acconling  to 
■eason.  There  is  increasing  activity  and  acceleration  in  development 
&out  tbe  first  appearance  till  July,  and  thenceforth  decreasing  activity 
and  retardation  in  development  till  frost.  Thus  in  midsammer  the 
whole  cycle  of  individual  life,  from  the  hatching  to  procreation,  may 
•ecapy  leaa  than  three  weeks ;  while  in  spring  and  late  autumn  it  may 
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occupy  twice  that  time.  Taking  the  whole  season  throngh,  howerep, 
the  time  Irom  the  egg  of  one  generation  to  that  of  another  will  average 
aboat  one  month." 

TIME  OF  TEAB  WIIEN  TIIE  FIRST  WORMS  AFPBAB. 

Uotil  the  Cotton  Worm  investigation  was  begno,  onr  knowledge  as 
to  the  earliest  appearance  of  the  worms  was  not  only  vagne,  bnt  mis- 
leading. The  statement  emphasized  by  Mr.  Grote  in  the  paper  already 
referred  to,  namely,  that  the  worm  does  not  appear  earlier  than  the  latter 
part  of  Jane  in  the  central  portion  of  the  cotton  belt  of  Alabama  and 
Georgia,  very  fairly  echoes  the  prevailing  x>opaIar  belief  on  the  subject; 
yet  careful  iuvesttgation  shows  the  statement  to  be  essentially  erroneoas. 
The  date  of  earliest  appearance  varies  with  location,  and  largely  with 
the  curves  of  isochimal  lines;"  it  also  differs  somewhat  in  different  years 
in  the  same  location,  according  as  the  season  may  be  late  or  early ;  and, 
lastly,  it  may  differ  to  some  extent  in  different  parts  of  the  same  re- 
stricted locality,  worms  having  been  foond  just  hatching  in  one  place 
when,  only  a  few  miles  distant,  others  were  found  nearly  full  grown. 

White  these  modifying  circumstances  complicate  consideration  of  the 
subject,  it  is  easy  to  arrive  at  definite  results  by  taking  as  a  basis  obser- 
vations made  at  a  few  particular  points  daring  the  year.  Hence  we 
felt  the  importance  of  having  such  observations  made  during  the  spring 
of  1S79  in  Sooth  Texas  and  South  Alabama  at  those  places  where  the 
worm  was  reported  to  have  appeared  earliest  in  past  years.  As  a 
result,  the  fact  was  fully  established  that  the  first  worms  of  the  season 
may,  and  do,  in  ordinary  years,  hatch  irom  the  middle  of  April  to  the 
middle  of  May  iu  the  southern  portion  of  the  cotton  belt.  And,  more- 
over, all  the  ^ta  showed  that  this  season  was  a  late  one,  for  April 
frosts  retarded  the  starting  of  cotton  in  those  very  sections  of  Alabama 
where  the  worms  were  first  found ;  while  it  is  the  nnanimons  opiuion  of 
planters  in  South  Texas,  where  the  worms  were  first  noticed,  that  cotton 
was  from  two  to  three  weeks  later  in  1879  than  nsnol.  Therefore,  when 
in  the  spring  of  1882  we  found  the  worms  of  all  sizes  on  rattoon  cotton 
during  the  latter  part  of  March,  in  South  Georgia  and  Florida,  we  were 
not  surprised,  althongh  this  was  fully  six  weeks  earlier  than  they  had 
ewer  before  been  notioed  or  recorded." 

The  first  worms  are  always  comparatively  few  in  nnmber  and  in  iso- 
lated spots.  TLey  are,  therefore,  easily  overlooked  by  all  who  do  not 
take  particular  pains  to  search  for  them.  From  sudi  spots  as  centers 
the  worms  multiply  and  spread  iu  subsequent  geaerations,  with  greater 
or  less  rapidity,  according  as  the  conditions  are  favorable  or  otherwise. 
Such  increase  and  spread  may  be  confined  to  some  part  of  a  given  county 
until  the  cotton  is  nearly  ruined  before  the  cotton  iu  the  rest  of  the 
county  is  aflecte<l.  The  worms  will  then  first  appear  in  the  remainder 
much  more  suildeuly  auil  numerously  than  they  did  in  the  former,  the 
pareut  moths  migratiog  thereto  in  bevieu.  As  a  rale,  however,  the 
spread  in  the  southern  portion  of  the  belt  is  gradual  and  the  wonu  in 
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destrnctive  uambers  is  preceded  by  one  or  more  scattering  goneratioiui 
in  the  same  field. 

Otber  things  being  egnal,  the  worm  must  appear  earliest  in  the  sonth- 
emmoBt  latitudes,  since^  extended  observations  *od  the  appearance  of 
other  insects  show  that  there  is  retardation  of  from  four  to  seven  da;s 
with  each  degree  of  latitude  northward." 

There  is,  In  normal  seasons  of  Uttle  injury  to  the  crop,  a  similar  re- 
tardation northward  in  the  appearance  of  the  Cotton  Worm  within  the 
Bonthem  portion  of  the  belt,  corresponding  in  some  measure  with  the 
growth  and  derelopment  of  the  plant ;  and  it  is  a  notable  fact  that  the  . 
vorm  is  seldom  noticed  and  never  in  great  numbers  before  the  plant  be- 
gins to  bloom.  What  is  generally  under  these  circumstances  called  the 
first  brood  or  "crop"  has  been  preceded  by  at  least  one  and  often  two 
generations  sparsely  distributed  overthe  fields.  Yet  in  years  when  the 
worm  abotmds  to  a  disastrous  extent  in  the  southern  portion  of  the  belt, 
its  appearance  in  the  northern  or  temporary  portion  cannot  bo  counted 
on  with  any  certainty  as  to  time,  because  it  is  always  the  result  of  mi- 
grations in  the  winged  state,  and  these  migrations  may  be  more  or  leas 
«ctended  according  to  circumstances.  Between  the  first  appearance  of 
the  worm  in  the  southern  and  northern  itortions  of  the  belt  tbere  is, 
therefore,  a  marked  difference  ordinarily  observable,  it  being  in  the  lat- 
ter much  later  and  in  tar  greater  numbers. 

NUVBEIB  OF  ANHtTAL  OGNBRATIOrTS. 

The  general  impression  Euid  belief  that  prevails  in  the  South  is  that 
there  are,  in  those  sections  where  the  worm  is  most  injurious,  three 
broods  or  generations,  or,  as  the  planter  puts  it,  "crops,'* each  year. 
This  statement  of  the  case  has  also  been  accepted  as  correct  by  most 
previous  writers  on  the  subject."  It  is,  however,  esseutially  erroDcous, 
BO  far  as  the  southern  portion  of  the  cotton  belt  is  concerned,  as  the 
earlier  and  later  generations  are  not  taken  into  account,  but  overlooked. 
The  appearance  of  the  first  generation  has  already  been  discussed,  and 
ii  occurs  daring  the  latter  part  of  April  and  in  May  in  the  more  southern 
portioD8  of  the  belt,  and  even  in  March  in  Florida.  One  generation 
follows  another  continuously  from  that  time  on,  just  so  long  as  there  are 
any  leaves  to  be  devoured,  and  we  have,  by  protecting  both  plant  and 
insect  &om  frost,  kept  the  moths  ovipositing  in  the  city  of  Washington 
all  through  Hovember ;  while  the  worms,  under  like  conditions,  have 
hatched  through  the  early  part  of  December,  matured,  and  spun  op 
about  Christmas  time. 

Garefbi  observations  and  exx>eriments  in  1879  in  South  Texas  show 
that  at  least  seven,  and  probably  even  more,  annual  generations  are 
produoed  there.  The  first  two  generations  are  generally  well  separated, 
but,  owing  to  the  irregularity  in  egg-laying  and  in  individual  develop- 
ment, the  later  generations  so  cross  each  other,  Umt  the  insect  may  be 
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fonDd  in  all  stages  in  thesame  field  at  one  and  the  same  time.  Yet  the 
wiccesRion  of  broods  may  be  recognized  by  tbe  condition  of  the  balk  of 
the  specimeiiB  in  the  field  or  by  confining  the  insects  for  the  better 
watcliiug  of  them. 

Tlio  first  generation,  as  we  have  seen,  is  confined  to  spots.  Tbe  sec- 
ond generation  is  more  flispersed,  but  still  restricted  to  areas  in  tbe 
Ticiiiity  of  tbe  hibernating  centers.  Tbe  third  generation  of  worms 
may  become,  ander  favoring  conditions,  Dot  only  widespread  but  dis- 
astrous, and  the  moths  produced  from  tbem  so  Qameroaa  that  th^ 
Af^nire  Cbe  migrating  babit.  This  geueratiou  appears  in  Sonth  Texas 
during  the  latter  i>art  of  June,  and  in  South  Alabama  and  Georgia 
somewhat  later.  Tliiij  is  usually  the  eui>[>08ed  first  broo<l  in  those  sec- 
tions, i.  e.,  tlie  first  which  attracts  general  attention.  Tbe  sabsequent 
generations  naturally  become  more  and  more  widespread,  and  tbe  iu- 
cre-ase  during  July  nnd  August,  ISSli,  was  noticeable  iu  the  face  of  mete- 
orological conditions  nnfavorable  thereto.  Tbe  worms  during  these 
months  will  appear  in  those  fields  in  which  thoy  did  not  appear  earlier, 
aa  on  Randy,  elevated  prairies,  soils  or  lauds  where  the  growth  of  tbe 
plant  was  retiinled  from  late  planting,  orerfiowing,  the  injury  of  the 
pinnt-lice,  or  wjiutever  cause.  If  the  weather  be  favorable,  this  August 
generation  will,  when  unmolested,  carry  miu  in  its  wake.  Did  one  gen- 
eration follow  another  iu  tbe  natural  ratio  of  mnltiplication,  such  is  the 
fecundity  of  the  species  that  there  would  be  no  hope  of  profitably  culti- 
vating cottou.  Fortunately  for  man,  some  of  the  earlier  generations 
are  liable  to  bo  so  effectually  kept  in  check  by  natural  enemies  and 
other  atlverse  infiueuccs  that  thoy  become  innocuous  and  frequently  es- 
cape notice.  This  fiict  was  atrikin^'ly  illustrated  in  May,  1879,  in  Col- 
orado and'Lavaca  Counties,  in  Texas,  where  the  second  generation, 
which  hatched  in  sufQcient  numbers  in  most  fields  to  create  alarm,  never- 
theless vanished  before  its  enemies  so  completely  that  it  was  difflcolt,  a 
little  later,  to  find  a  perfect  chrysalis. 

That  this  secoud  generation  may  exceptionally  become  very  injnrions  is 
shown  from  records,  to  the  effect  that  in  theearly  part  of  Juneof  the  same 
year,while  the  cotton  stem  was  yettender,  whole  plantationsin  the  low  bot- 
tom lands  of  Loaisiana  have  been  eaten  to  the  ground ;  but  that  it  more 
often  proves  harmless  is  probable  for  various  reasons.  The  plaut-lice, 
vhich  are  npt  to  be  very  nuiuerous  on  the  very  yonng  cotton,  partially 
disappear  before  their  natural  enemies  by  the  time  this  second  brood 
of  worms  is  developing.  Tbe  auts,  whiuh  were  previously  supplied 
with  food  by  tbe  plant-hoe,  have  now  multiplied,  aud  are  forced,  by  the 
decrease  of  the  aphides,  to  seek  other  food.  They  are  consequently 
more  effcctnal  in  destroying  the  young  wonus.  All  the  other  enemies 
of  the  worm  are  also  more  active  during  the  month  of  June,  and  gre- 
garious birds,  like  tbe  blackbirds  and  ricebirds,  are  very  common  during 
that  month,  but  generally  leave  the  fields  later. 

In  the  northern  portion  of  the  cotton  belt  the  number  of  annual  gen- 
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erstioDS  Is,  of  coarse,  fever,  and  will  vary  according  to  the  date  of  the 
incoming  of  motba  from  ttie  farther  south,  and  according  to  other  cir> 
cnmBtancea.  The  generations  are  not  only  fewer,  therefore,  bnt  more 
easily  separated  and  defined. 

MIGRATIONS. 

Many  persona,  noting  the  short  and  clnmsy  thoagh  rapid  and  darting 
flight  of  the  moth,  when  disturbed  during  the  day-time,  get  the  idea  that 
it  is  incapable  of  extended  flight.  But  it  has  great  i>offer  of  wing,  and 
its  migrating  habits  are  abundantly  attested.  It  has  been  observed  ia 
nambera,  far  out  at  sea,  and  captured  In  aatnmn  off  the  coast  of  Kew 
England,  around  Chicago  and  around  Bnfi'alo — the  species  being  identi- 
fied by  competent  entomologists  like  Packard,  Burgeaa,  Grote,  and 
Westoott.  We  have  known  it  to  do  considerable  Iqjury  during  St>x>tem' 
ber  to  peaches  in  Kansas,  and  to  rain  acres  of  cantelopes  during  the 
same  month  as  far  north  as  Racine,  Wis.  That  it  is  aided  in  thesG  dis- 
tant flights  by  favoring  winds  there  can  be  no  doubt,  but  that  it  does 
not  dot>end  on  them  for  dispersion  is  equally  certain.  A  factor  to  be 
considered,  also,  in  connection  with  these  northern  appearancee,  ia  the 
probable  existence  of  one  or  more  northern  food-plants." 

Dr.  D.  L.  Fhares  records  the  destmctioo,  by  the  worms,  of  cotton  the 
first  year  planted,  eighty  miles  &om  any  point  where  cotton  h.td  been 
grown  before;  while  Mr.  n.  P.  Bee  {see  letter  in  Appendix)  shows  that 
they  appeared  in  Mexico  on  cotton  planted  two  hundred  miles  from  any 
other  fields.    Komerons  similar  cases  might  be  mentione<l. 

Tbe  migrating  habit  is  common  to  many  insects  and  other  animals, 
bat  ia  almost  always  associated  with  excessive  multiplication.  Such 
is  likewise  the  cose  with  Aletia,  as  the  observations  of  past  years 
have  clearly  shown.  So  long  as  the  worms  are  not  numeions  enough 
to  materially  riddle  the  cotton,  the  moths  produced  from  them  busy 
themselves  with  ovipositing  iu  the  neighborhood  where  they  were  bora, 
spreading  only  comparatively  short  distances  on  all  sides;  bnt  when- 
ever the  cotton  is  well  "  ragged,"  then  the  moths  acquire  the  migrating 
habit  and  appear  in  cnmbers  everywhere — in  town  and  village,  and  at 
lights  far  away  from  cotton-fields.  The  time  of  year  when  this  migrating 
habit  is  acquired  varies,  but  it  is  rarely  till  after  the  third  genera- 
tion of  worms,  or  the  latter  part  of  Jane  and  fore  part  of  July  in  South 
Texas;  while  it  is  most  pronounced  daring  the  autumn  months.  At 
such  times  the  moths  may  be  noticed,  during  cloudy  days,  starting  off 
by  rapid  flight  and  ascending  high  in  tbe  air  till  lost  to  sight;  and  the 
contrast  between  this  movement  and  the  darting  and  hiding  of  the 
normal  day-flight  is  quite  striking  to  any  one  who  has  witnessed  it. 

HIBEBNATION. 

No  question  connected  with  the  Cotton  Worm  has  given  rise  to  more 
speculation  than  that  of  the  hibernation  of  the  insect,  and  this  fact  at 
once  finds  ite  ezplanatioa  in  the  difficulty  that  surronnds  the  subject. 
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As  partly  illnatratiiig  this  difficulty  it  vUl  be  well  to  elaborate  the 
Btatementa  mode  in  a  paper  read  by  the  writer  before  the  National 
Academy  of  Science  at  its  meeting  in  Washington  in  the  epring  of  1879. 

There  are  three  principal  theories  on  the  subject  that  are  worthy  of 
consideration,  and  that  are  held  by  those  with  whom  we  have  come  in 
contact,  or  with  whom  we  have  corresponded.    These  are: 

1st.  That  it  hibernates  in  the  chrysalis  state. 

2d.  That  it  hibernates  as  a  moth. 

3d.  That  it  does  not  hibernate  in  any  part  of  onr  cotton-growing 
States,  bat  comes  into  them  on  the  wing  from  waAner  climates  where 
the  cotton-plant  is  perenniaL 

Some  few  persons  think  that  it  winters  in  the  egg  state  in  cotton- 
seed or  on  the  dead  stalk  of  the  plant ;  but  such  views  may  be  disposed 
of  by  the  statement  that  they  ore  onsapported  by  even  the  appearance 
of  fact. 

At  first  blush  it  would  seem  easy  enough  to  dispel  whichever  of  these 
theories  is  eironeoos  and  settle  the  qnestion  nnder  consideration  by  a 
few  simple  facts  of  observation.  The  trouble  is,  however,  to  get  at  the 
facts. 

About  oDe-fonrth  of  the  intelligent  people  of  the  South  hold  the  opin> 
ion  that  this  Aletla  hibernates  in  the  chrysalis  state,  some  believing  that 
it  does  so  above  gronnd,  others  that  it  retreats  beneath  the  surface  of 
the  ground.  It  has  generally  been  stated  by  the  writers  on  this  insect 
that  the  chrysalis  could  not  endure  the  slightest  frost  We  have  been 
able  to  prove  that  it  will  suffer  with  impunity  a  temperature  of  £rom  five 
to  ten  degrees  below  the  freezing  point,  bnt  that  it  cannot  withstand  a 
lower  temperature;  and  all  those  chrysalides  which  do  not  give  out  the 
moth  before  severe  cold  weather  sets  in  perish  beyond  any  doubt.  How 
easily  men  are  misled  oven  on  this  point,  however,  may  be  gathered  from 
thefitct  that  Dr.  Anderson  kept  what  be  believed  to  be  living  specimens 
nntil  after  the  severe  cold  of  December.  A  careful  examination  proved 
that  the  lifelike  motions  of  such  chrysalides  were  due  to  the  living  pupa 
which  they  contained  of  one  of  the  parasites  (Pimpla  conquisitor)  pres- 
ently to  be  described.  The  larger  proportion  of  chrysalides  that  are 
not  empty  after  a  severe  A-ost  basocctured  are  infested  with  some  kmd 
of  parasite,  though  mapy  of  them  have  perished  firom  the  effects  of  the 
frost  and  are  either  rotten  or  moldy. 

Any  number  of  intelligent  planters  insist  that  they  plow  np  the 
chrysalides  in  spring,  and  the  belief  that  the  last  brood  works  beneath 
the  gronnd,  out  of  reach  of  firost,  is  very  firmly  held  by  some  of  the 
most  experienced  cotton  growers;  bnt  in  every  instance  that  has  come 
to  our  knowledge  the  chrysalides  thus  plowed  up  have  proved  to  be- 
long to  other  species,  most  of  them  of  the  same  family,  and  many  of 
them  having  a  snfflciently  close  resemblance  to  those  of  Aletia  to  con- 
found any  but  the  most  skilled  and  experienced  entomologist.  As  an 
illustration  of  the  ease  with  which  erroneous  conclusions  can  be  drawn 
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from'  mistaken  identity,  we  will  here  qnote  part  of  a  letter  received 
£rom  ProfesKor  Willet,  wbo  has  particnlarly  interested  bimaelf  in  ttiis 
enbject.  "I  have  received  to-night,"  writes  Professor  Wiliet,  ''from 
Bev.  Bobert  Harris,  of  Cairo,  Thomas  Connty,  Georgia,  a  small  tin  box 
inclosing  25  chrysalides,  which  I  forward  yoa  by  mail.  Ur.  Harris  is 
an  ardeot  believer  in  the  subterranean  hibernation  of  the  chrysalis  of 
Aletia  arffitUioea,  I  transcribe  the  portion  of  his  letter  pertinent  to  the 
case: 

'  Caiho,  Ga.,  Ft^truary  22, 1879. 

*  Washington's  bifthday  and  victory.  Pemeverantia  vineit.  The  facts 
drive  "analogy"  to  the  wall.  Here  tbey  are:  25  cotton-worm  chrysa- 
lides i>Iougbed  np  ont  of  the  ground  in  a  field  that  was  riddled  by  the 
insects  last  tall. 

'This  is  nnimpeachable  evidence,  and  iu  the  opinioa  of  the  conrt  is 
amply  sofQcient  to  convict  the  prisoner.' 

" The  chrysalides,"  continues  Professor  Willet,  '*appear  to  my  eye 
very  like  Atetia  chrysalides  which  1  have  In  spitits,  and  I  await  yoor 
verdict  with  interest." 

The  chrysalides  referred  to  in  thia  instance  resemble  tboae  of  Aletia  bo 
thoroughly  in  form,  size,  and  general  appearance  that  they  might  have 
been  mistaken  therefor  even  by  some  entomologists-,  yet,  fW)m  certain 
minute  structural  differences,  easily  observable  with  a  good  lens,  we  were 
able  at  once  to  decide  that  they  belonged  to  another  insect,  the  AspiUt 
iitrcsMiwofFabricinSiabeaatiful  moth,  with  olivaceous  primariea,marked 
with  three  distinct,  pale,  transverse  lines,  relieved  by  coincident  deeper 
shades,  the  translnoent  green  larva  of  which,  speckled  with  minatA,  pale, 
fleshy  elevations,  we  have  found  feeding  on  &>Iaft«m  Heffting9  in  Saint 
Louis." 

There  are  many  species  of  night-flying  moths  which  go  through  their 
transformatious  beneath  the  gronnd,  and  there  hibernate  in  the  chrysalis 
state.  The  leaves  of  the  ootton-plant  are  palatable  to  a  very  large  num- 
ber of  such,  wbile  the  Boll-worm  {Heliotkia  armigera)  and  the  "Grass- 
worm"  (Laphygma  frugiperda),  which  thus  transform,  are  sometimes 
very  abundant  in  a  cotton-fleld.  It  is  not  at  all  surprising,  therefore, 
that  the  chrysalides  should  be  plowed  or  dng  np  in  land  planted  to  cot- 
ton. All  of  them,  upon  careful  scrutiny,  will  be  found  to  differ  &om  the 
chrysalis  of  Aletia,  which  may  be  distinguished  by  its  slender  form,  and 
partionlarly  by  the  tip  of  the  body  with  its  armature,  as  shown  in  Fig.  4. 
In  short,  the  nature  of  the  Aletia  chrysalis  effectaally  prevents  it  firom 
working  beneath  the  gronnd,  except  where,  dropping  out  of  its  cocoon, 
it  happens  to  tail  into  some  crack  or  crevice,  and  thus  wriggle  beneath 
the  surface.  It  is  also  contrary  to  all  analogy  that  a  chrysalis  normally 
fonnd  above  gronnd  in  a  cocoon  should  work  beneath  the  soil;  for  all 
insects  that  pupate  under  ground  descend  while  in  the  larva  state. 

Experiments  which  we  have  repeatedly  made  prove  that  the  Aletia 
ehrysalis,  when  placed  under  ground,  either  rots  and  perishes  or  the 
63  OONG 2 
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motb,  if  in  a  snfflciently  sdvanced  state  when  the  chrysalis  iaboried,  wiU 
vainly  attempt  to  escape  and  pnsh  throngli  its  nDDatnralBUTTonDdings 

Begarding  the  ability  of  the  moth  to  snrviTe  the  winter,  nearly  one- 
half  of  the  more  intelligent  coirespondentB  state  that  they  have  known 
the  moth  to  be  foand  flying  daring  warm  days  in  the  winter,  and  that 
it  conspqnently  iiiberuatos  in  that  state.  Mr.  John  T.  Humphreys,  of 
Morganton,  N.  C,  who  was  fora  while  employed  by  the  State  of  Georgia 
in  entomological  work,  says  that  be  has  abaolate  proof  of  the  hiberna- 
tion of  the  moth. 

Page  after  page  of  testimony  and  experience  from  the  most  competeDt 
and  reliable  planters  might  lie  addaced  in  support  of  the  fact  that  the 
moth  is  to  be  seen  either  hidden  in  sheltered  sitaations  or  dying  daring 
the  milder  weather  of  winter  and  in  spring,  in  all  of  the  southern  por- 
tion  of  the  belt.  The  situations  in  which  it  is  most  often  reported  as 
sheltering  are  under  the  shingles  of  gin-houses,  under  rails,  and  under 
the  loose  bark  and  iu  the  hollows  of  trees  and  prostrate  logs.  In  old 
pine  stumps  the  sapwood  separates  from  the  heart-wood  and  forms  ex- 
cellent retreats  for  this  purpose.  The  general  hue  of  the  large  scales  of 
pine  bark  is  sufBclently  close  te  that  of  the  motb  to  make  the  resem- 
blance protective.  A  dense  forest  of  louf;-leaved  pines  also  modifies 
and  equalizes  the  winter  temperature.  These  facta  wonld  lead  one  to 
suppose  that  pine  forests  ofieranusually  favorable  conditions  for  hiber- 
nation, and  Mr.  Humphreys  has,  in  fact^  found  the  motb  hibernating 
under  pine  scales,  while  some  of  oar  most  reliable  correspondents  report 
having  seen  the  moths  sporting  in  great  numbers  in  the  edges  of  pine 
forests  during  the  month  of  March. 

Nevertbeless,  the  iwrsistent  search  by  Mr.  Schwarz  in  the  winter  of 
187ft-'79",  under  our  direction,  failed  to  reveal  the  moth  under  pine 
bark;  whereby  we  were  led  to  the  conclasion  that  it  seeks  winter 
shelter  some  distance  irom  the  ground.  It  has  been  rei>orted  by  some 
correspondents  in  greatest  numbers  in  swamps  of  sweet  gum,  oak,  mag- 
nolia, poplar,  &c.,  snch  as  are  found  in  sontbem  Alabama.  These 
swamps  are  warm,  moist,  and  miasmatic,  and  the  motbs  are  said  to  have 
been  seen  literally  packed  together  in  a  torpid  stete  in  the  hollows  and 
burrows  made  in  rotting  logs  by  boring  larvte. 

The  evidence  on  this  point  of  the  hibernation  of  the  moth  would  be 
overwhelming  did  it  come  from  scientific  observers ;  but,  anfortnnately, 
allied  species  are  so  often  and  so  easily  miateken  for  Aletia  that  donbt 
still  surrounds  the  subject.  The  liability  to  confound  hibernating  spe- 
cies is  all  the  greater  in  that  characteristic  markings  am  more  or  less 
effaced  or  faded.  The  ffypena  gcabralia  (Fabr.),"  a  moth  belonging  to  a 
different  group  [Deltotdn),  and  which  hibernates  in  the  imago  state  all 
over  the  country,  is  especially  common  In  tbe  Southern  States,  and  large 
nnmbers  have  been  sent  to  us  as  the  genuine  Aletia.  It  is  nearly  at 
the  same  size  and  form,  and  while  normally  of  a  darker  brown,  faded 
hibernating  specimens  are  easily  mistaken  for  the  Cotton  Moth  beoaase 
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of  nndnlating  darker  tines  acrosa  the  front  wings,  somewhat  similar  to 
those  on  the  latter.  Its  palpi  are  longer  and  snout-like,  and  ita  front 
viD$;s  invariably  lack  ^le  dark  diacal  spot  and  the  white  st>ecks  i^liar- 
acteristic  of  Aletia. 

Phoberia  atomaris  Hiibn.,"  and  ninny  other  similar  moths,  have  been 
forwarded  with  the  remark  that  they  were  the  Cotton  Moth;  while  Xcu- 
cania  unipuncta  Haw.,  the  pa- 
rent of   the  Northern  Army 

Worm,  which  feeds  only  on  ^S^'^ 

grasses  and  cereals,  is  every- 
where found  in  the  South  dnr- 

iug  winter,  and,  on  account  I  ^Br^^ 

of  it«  great  similarity  in  color 
to  Alotia,  and  of  a  white  dis-  ^ 

cal  Buot  relieved  with  a  dark     ^    „    .       „       „  . " 

,       ,'  ,       „  ,  Fio.  8.— Amir  Work  Moth;  a.  mile  mothi  6,  kMnmeD 

shade  on  the  front  Winga,  that  of  frnmlt-nahiral  »Ue:  e,  eye;  d.  Ixue  nf  mule  sutorim, 

heightens  the  general  resem-  <.i««offo[i'ai8flniBnna-eniwged.  (After  Rii«j-.) 
blance,  is  more  often  mi.^taken  therefor  than  any  other.  It  is  more 
robust  than  Aletia,  and  a  comparison  of  the  aocompanylng  illustration 
{Fig.  8)  with  Fig,  7,  p.  11,  will  show  the  other  differences.  Seeing  how 
easily  non-en toniologists  are  misled  by  general  resemblances,  we  would 
again  lay  stress  on  the  readily  observed  characters  underlined  on  page 
9,  by  which  Aletia  may  always  l>e  recognized.  Where  they  are  absent 
it  may  be  safely  taken  for  granted  that  other  species  are  in  Question. 
From  this  danger  of  confounding  upecies  it  is  evident  that  ordinary 
reports  lose,  when  unaccompanied  by  specimens,  much  of  their  value, 
and  must  always  be  taken  cum  grano  satis. 

Yet,  after  making  due  allowance  for  possible  error,  the  number  of  in- 
telligent planters  with  whom  we  have  conversed,  and  who,  having  long 
and  thorough  acquaintance  with  the  moth,  feel  twsitive  of  their  ability 
to  distinguish  it  and  of  having  seen  it  duiing  the  winter,  is  so  great  as 
to  leave  little  doubt  of  the  fact;  while  the  adde<I  testimony  of  Mr.  Grote, 
who  is  such  an  authority  on  moths  that  ho  could  not  thus  confound 
species,  and  who  Rtates  that  he  has  found  the  Aletia  in  Alabam<i  during 
mild  winter  weather,  should  dispel  even  that  little  doubt;  and  we  may 
safely  consider  as  proven  that  the  moth  does  survive  the  winter  np  to 
the  end  of  March.  The  general  experience  of  correspondents  is,  how- 
ever, that  after  March  these  hibernating  moths  are  no  longertobeseen, 
aud  no  one  knows  what  beenmes  of  them  between  this  time  and  the  ap- 
pearance of  the  flret  worms. 

The  difficulty  felt  in  bridging  this  gap,  tegether  with  the  progress  of 
injury  from  the  south  northward,  has  given  rise  to  the  theory  that  the 
8i>eeie8  cannot  survive  the  winter  in  this  country,  and  must  necessarily 
come  each  year  on  the  wing  from  some  foreign  country  where  cotton  is 
perennial.  The  history  of  the  repeated  suggestions  of  this  so-called 
migration  theory,  from  Dr.  Oorham's  first  article  in  1847,  down  to 
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Grote^B  paper  before  the  American  Association  for  the  AdTaocement  of 
Science,  in  1874,  we  aball  give  somewhat  in  detail  in  Chapter  XIV,  but 
in  this  connection  ve  may  appropriately  devq^e  a  brief  space  to  tbe 
oonBideration  of  Mr.  Grate's  arguments:*" 

The  principfd  argnmentiB  urged  in  support  of  the  theory  by  Mr.  Grote 
are  [1]  the  avddat  appearance  of  the  moth  in  quantities;  [2]  the  first 
appearance  of  the  worms  so  late  as  the  latter  part  of  Jonei  [3]  the 
abBence  of  parasitic  checks ;  [4]  the  highly  probable  exotic  origin  of  the 
Bpecies  and  its  introduction  int«  the  States;  and  [5]  the  power  of  flight 
and  migratory  habits  of  the  moth.  The  fii»t  three  lose  mach  of  their 
force  irom  the  fiicts  adduced  iu  this  report,  since  [IJ  in  the  southern 
portion  of  the  belt"  the  sudden  appearance  is  more  apparent  than  real ; 
[2j  the  worms  appear  in  April;*  and  [3]  they  have  numerous  parasitic 
checks.  There  is  also  little  force  in  the  fact  of  original  introduction 
from  some  foreign  country,  since  most  of  our  worst  insect  pests  that  are 
now  acclimated  and  established  with  us  were  originally  introduced  from 
abroad ;  while  [6]  the  migratory  habit,  as  we  have  seen,  is  not  developed 
in  the  first  moths.  Arguments  urged  by  others  in  favor  of  the  theory- 
are  [6]  the  periodical  visitations  and  intervals  of  immunity' ;  [7]  the  short 
life  of  the  moth;  and  [8]  the  failure  of  those  who  have  ti'ied  to  keep  it 
throagh  the  winter. 

To  these  it  may  be  replied  that  [0]  many  other  indigenous  insects 
abound  during  certain  years  and  are  unknown  in  others,  and  that  these 
changes  are  due  to  the  working  of  vell-bnown  laws;  that  periodicity  in' 
the  appearance  of  Aletia  is  largely  imaginary,  because  It  either  refers 
only  to  bad  years  and  takes  no  stock  of  small  numbers,  or  else  is  local. 
The  investigations  <^  the  Oommissiou  show  that  the  worm  has  t>een  in 
some  parts  of  the  South  ever  since  the  civil  war,  and  there  is  no  reason  to 
suppose  that  it  was  not  annually  to  be  found  in  fewer  or  larger  numbers 
prior  thereto.  [7]  The  short  life  of  the  moth  of  the  summer  generations 
1b  no  criterion  for  that  of  the  last  or  hibernating  brood,  since  any  num- 
ber of  species  which  produce  several  annual  generations  and  have  but  a 
brief  span  of  life  in  the  imago  state  iu  summer  are  known  to  hibernate  in 
this  state.  |8j  It  is  extremely  difficult  to  attain,  in  a  room,  the  proper  con- 
ditions of  moisture  and  freshness  that  belong  to  a  sylvan  atmosphere,  and 
we  have  never  been  able  to  keep  other  Lepidoptera  which  hibernate  in 
the  imago  state  alive  through  the  whole  winter  in  such  artificial  situation, 
though  we  have  tried  with  both  DaTwia  archippua  and  Paphia  glycerium. 
For  this  reason  it  will  always  be  next  to  impossible  to  get  absolute  and 
incontrovertible  proof  of  the  hibernation  of  Aletia  by  watching  the  moths 
from  fall  till  they  oviposit  in  the  following  year,  but  it  may  be  trnly  said 
tliat  if  the  hibernation  of  other  species  rested  on  equally  absolute  proof, 
there  is  not  one  among  the  Lepidoptera,  or  other  Orders,  for  that  matter, 
that  could  be  said  to  hibernate.  One  other  argnment  that  has  been 
made  in  fovor  of  the  theory  may  lastly  be  mentioned.  It  is  that  during 
the  late  war  no  cotton  was  grown  for  three  years  in  some  sections  of  the 
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Soatb,  and  tliat  tbe  first  crop  raised  thereafter  wasiofested.  Professor 
Goiustock  took  particular  pains  to  make  inquiries  on  thia  head,  and  found 
that  some  patchea  of  cotton  bad  been  grovn  every  year  in  sach  sections. 

In  favor  of  hibernatioo  in  the  sonthern  portion  of  the  cotton  belt  may 
be  urged  [IJ  tbe  appearance  of  the  moth  on  the  wing  during  mild  winter 
weather,  and  its  being  found  torpid  in  sheltered  eitnations,  as  is  insisted 
on  by  so  many ;  [2]  the  first  appearance  of  the  worms  in  veiy  small 
uombers,  and  in  the  spring  of  the  year,  as  attested  by  recent  observa- 
tions; [3]  their  reappearance  each  year  iu  the  same  spots,  not  on  the 
sea-coast  nearest  to  the  tropical  zone,  where  we  should  expect  them  on 
the  theory  of  annual  incoming,  bat  at  various  points  far  inland;  [4]  the 
coming  of  the  moths  in  large  numbers  and  as  imoiigraats  into  the 
nortbem  portions  of  the  belt,  being  always  jireceded  by  the  appearance 
of  the  worms  and  their  gradual  increase  at  some  other,  generally  more 
Boathera  or  western,  points;  and  [5]  tbe  decrease  of  cotton  cnltnre  in 
Central  America  and  the  West  Indies,  as  appears  from  market  statis- 
tics, and  the  absolute  absence  of  the  worm  in  the  Bahamas  since  I8G6, 
as  ascertained  by  Mr.  Schwarz  while  titere  in  the  spring  of  1879. 

The  strongest  &ct  against  hibematiou  was,  perhaps,  the  period  elaps- 
ing between  the  disappearance  of  the  moths  in  March  and  the  first 
appearance  of  the  worms,  or,  to  pat  it  in  another  form,  the  absence  of 
the  worms  on  the  young  and  tender  cotton.  Tbe  period  daring  which 
the  species  was  not  observed  is  already  reduced  by  the  facts  given  in  this 
report  to  less  than  one  month  instead  of  three,  and  this  is  mnch  less  than 
the  time  elapsing  between  the  issuing  from  winter  quarters  of  other 
well-known  Lepidoptera  that  hibernate  in  the  imago  state,  and  the  first 
appearance  of  their  larvae,  nameroos  illaatrations  of  which  fact  might 
be  cited.* 

On  the  whole,  therefore,  the  weight  of  evidence  is  strongly  against 
the  theory  of  annaal  extermination,  in  tbe  soathem  part  of  the  belt,  and 
the  fact  of  the  hibernation  of  .AJetia  there  may  be  said  to  rest  on  as 
good  evidence  as  that  of  many  other  species  in  which  it  is  admitted 
vitbout  question.  Yet  Aletia  is  beyond  doubt  killed  oat  each  winter  in 
the  northern  portion  of  tbe  cotton  belt,  and  all  the  argaments  in  fovor 
of  annaal  extinction,  and  incoming  4e  novo  have  force  when  restricted 
to  this  section.  Jast  where  the  separating  tine  lies  between  extinction 
and  sarvival  is  not  eo  easy  to  decide,  and  for  the  present  we  can  only 
refer  to  that  given  in  tbe  Introdnction  as  tbe  result  of  the  investigatiou 
BO  for  as  it  has  gone.  This  conclusion  that  the  moth  does  and  can  hi  ber- 
nate  in  the  United  States  does  not  preclude  its  occasional  incoming  from 
foreign,  more  tropical  conntries,  or  the  possibility  of  ita  being  brought 
by  &vorable  winds  from  such  exterior  regions,  Jast  as  originally  must 
have  been  the  case  when  the  species  was  first  introdnced.  The  fiwts 
indicate,  however,  that  this  kind  of  immigration  is  less  frequent  now-a- 
days  than  it  was  in  the  beginning  of  the  century. 

*  ThalntttTMilniipalodliitlUftirtlWTlNMDad,  MwflllMMaB  frnBtl»nD>A>aDpi^U«idlM 
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To  snm  np  the  evidence  ftt)m  present  knowledge :  Aletfa  never  hiber- 
nates in  either  of  the  first  three  states  of  egg,  larva,  or  chrysalis,  and  it 
Borvivea  the  winter  in  the  moth  or  imago  state  only  in  the  soaiheni  por- 
tion of  the  cotton  belt.  Our  own  investigations  since  1878  in  every  cot- 
ton-growing State  in  the  Union,  together  with  the  experience  and  testi- 
mony of  both  correspondents  and  special  agents  employed  in  the  inves- 
tigatipn,  confirmed  us  in  these  conclnsions,  and  we  were  conseqnently 
perfectly  prepared  for  their  jnstiflcation  by  the  facts  obtained  daring  the 
winter  of  1881-83.  During  this  winter  we  were  able  to  obtain  the  moths 
dnriug  every  month,  and  watched  them  in  fact  nntil  the  early  part  of 
March.  In  short,  there  is  nothing  more  fully  established  now  than  that 
the  moth  hibernates  principally  under  the  shelter  of  rank  wire-grass 
in  the  more  heavily  timbered  portions  of  the  South,  and  that  these 
moths  begin  laying  on  the  rattoon  cotton  when  this  is  only  one  inch  or 
60  high.* 

1 .  It  is  qnite  certain  that  by  far  the  larger  portion  of  the  moths  from 
the  last  brood  of  worms  peiish  in  various  waj'a  without  perpAtuatiug 
tbo  species.  All  those  which  fiy  north  of  the  cotton  belt  must  needs 
thus  perish,  as  donbtlei^s  do  all  those  that  attempt  to  hibernate  in  the 
northern  portion  of  snid  belt.  The  evidence  is  strong  that  even  lu  the 
hibernating  portion  of  the  belt  only  the  exceptional  few,  more  favored 
than  the  rest  and  remaining  steadily  torpid  till  early  spring,  sarvive  to 
beget  progeny.  Those  which  are  aroased  to  activity  during  the  miM 
winter  weather  spend  their  force  without  fludiiig  compensating  nonrish- 
ment,  as  there  are  neither  fruits,  fiowers,  nor  sweet-secreting  glands  at 
that  season  wherewith  to  break  their  long  fast  and  sustain  vitality.  It 
is  for  these  reasons  that  the  worms  arc  generally  less  injarious  after 
mild  and  changeable  winters,  and  most  to  be  dreaded  after  severe  and 
steady  ones,  and  it  may  very  jastly  bo  argued,  that  did  the  larger  prtv 
portion  of  the  moths  survive,  there  would  be  no  chance  to  .grow  cotton. 
Like  perishing  of  the  bulk  of  most  insects  that  hibernate  above  gronnd 
is,  in  fact,  an  acknowledged  rule  in  entomology. 

2.  The  localities  where  Aletia  doubtless  hibernates,  and  where,  conse- 
qnently, the  earliest  worms  appear,  seem  to  bo  more  common  in  the 
western  parts  of  the  cotton  belt  than  in  the  Atlantic  States.  Since  the 
civil  war  the  almostcomplcteabandoitmeut  of  cotton  cultivation  on  the 
sea  islands  of  the  coast  of  Florida  and  Georgia  has  evidently  reduced  the 
number  of  favorable  hibernating  localities  there,  and  in  so  far  ])rotected 
the  more  northern  or  western  portion  of  the  Atlantic  States  from  the 
immigration  of  the  moth  from  those  quarters.  In  Texas,  on  the  con- 
trary, the  cultivation  of  cotton  has  been  constantly  increasing  since 
that  time,  and  consectaneously  the  namber  of  hibernating  i>oints  and 
tho  risk  of  serious  harm  there  over  extended  areas  have  also  Increased. 
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CHAPTER  III. 


PAST  HISTOET  OP  TUB  OOTTOlir  WORM  IN  THE  UNITED 

STATES. 

CHBOKOI-OGiaAI.    ACCOUKT    OP    APPBABANCES   AJTD    OP    TBABB    OP 
UABEED  PBETALENCE. 

We  have  been  anable  to  find  any  record  of  the  appearance  of  the 
Cotton  Worm  in  the  United  States  prior  to  the  oft-quoted  statement  of 
8l>aldiDg'8,*  that  in  1793  *'the  destrnction  was  complete.  In  Major 
Butler's  field  of  400  acres  but  18  ba^^s  were  made."  From  this  time 
till  1800  no  mention  has  been  made  of  the  worm ;  bat  in  that  year  the 
crops  in  Sonth  Carolina  and  Georgia  suffered  severely.  Dr.  Capers,! 
und  also  Dr.  Phares,^  give  1800  as  the  first  apl^oarance  of  the  worm  in 
Sgutb  Carolina;  but  there  is  a  published  statemeotof  Ur.  J.W.  OraceJ 
to  the  effect  that  the  Georgia  invasion  of  1793  extended  to  that  State. 

1804  was  a  marked  year,  and  we  always  find  it  referred  to  in  the  older 
papers  on  the  worm.  In  this  year  the  Gulf  States  snfiered  for  the  first 
time.  Ijooisiana,  which  grew  more  cotton  than  any  other  State,  snf. 
fered  severely.  The  crops  on  many  plantations  were  entirely  destroyed; 
hut  the  f^terpillars  were  finally  killed  by  an  nnasual  snow'Storm. 

From  this  time  to  1814  we  have  found  no  definite  record  of  the  cater- 
pillar, bat  1814  was  again  a  year  of  serious  loss  in  Louisiana,  although 
it  does  not  appear  to  have  been  marked  upon  the  Atlantic  coast.  In 
this  year  the  rather  remarkable  instance  is  seen  of  the  almost  total  de- 
•tmctiOQ  of  the  crop  as  early  as  June.  || 

1825  was  again  a  year  of  general  loss  from  the  worms.  The  destrnc- 
tion was  likened  to  that  of  1804,  and  was  universal  throughont  the  whole 
eottou  belt.    Concerning  this  year  we  may  quote  from  Dr.  Phares: 

Id  1825  tb«  deatrnction  was  general  in  extent,  embraoiag  all  the  Cotton  Stntea ;  the 
ktfl  Ur.  Affleekinon»of  Ilia  papers BflBerttngtbnttbedeetructioD  wa8"niuversal  Bod 
Bomiilete.''  I  mnat  hei«  be  permitted  to  say  that  it  was  not  "complete,"  aalmost 
iliatiDctly  nmember  uid  kaow  I  saw  fields  in  wlilcli  maajr  boUa  were  fully  matored 
and  gatUered  before  the  chenilles  injnred  the  plant,  and  conriderable  qnantitieg  of 
very  Bnperior  cntton  were  made.  This  was  the  first  year  that  I  saw  the  chenilles,  and 
circamstancM  m  imprewed  me  that  my  lecoUootiona  of  their  Rppeuanoe  are  mcne 
vivid  than  of  any  time  since. 

'Sw  Farmer'*  ft  rbuiter's  Cyolopcdla,  London,  ISUi  Article^  Cotlon. 

tSnli«nt  AgrtanUMrUt.  ISStl,  p.  ZOS  [VoL  I). 

IJiiiral  OarMHUn,  Aupat.  mO. 

f  Seport  Dpon  Conon  InHcU,  IBTS.  DepoTtmsnt  of  AerioDltnre.  p.  38T. 

1S»  DtBuw't  fniM,  1847,  p.  tfl  (F.  WlnbM),  and  Dr.  Pbara  In  Sural  Oanllaitm,  Awwt,  WD. 
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The  iDiiect  wa«  Bgtun  destto7«d  by  a  atonn,  M  we  have  Been  tuppeo  Icm  extenrivelf 
Beveial  times  siuce;  the  wini]  and  laio  beating  them  down,  and  the  water  sweeping 
them  along  and  fonning  immense  tieaps  in  some  places. 

In  1826  the  dcstmotion  is  Baid  by  Dr.  Capers  to  have  been  again  nni- 
T«r8al,  althoQgli  other  testimony  to  this  fact  is  lacking.  In  limited 
localities  the  worms  were  noted  in  1828,  "29,  '30,  '31,  '32,  '33,  '34,  '35, 
and  '36.  Considersble  damdge  was  occasionally  done,  bnt  it  was  by 
no  means  general  again  nntil  1838,  the  worms  that  year  spreading 
over  nearly  the  whole  belt  and  doing  especial  damage  in  Florida  and 
Sonthern  Georgia. 

In  1834tbe  worms  appeared  for  the  first  time  in  Tezaa,aDdin  1840  in 
Arkansas.  This  last  year  was  one  of  qnite  general  injury  to  the  crop, 
northern  Florida  suffering  particularly.  In  1841  Florida  again  saffered, 
as  also  in  1843.  In  1844  the  marked  feature  was  the  severe  damage  in 
central  and  southern  Loolsiana.  In  this  State  there  was  a  shortage  of 
nearly  50  per  cent,  of  the  crop  on  aeoomit  of  the  damage  done  by  the 
caterpillars.  In  Mississippi  and  Alabama  some  little  damage  was  done 
the  same  year ;  bnt  in  Florida,  Georgia,  and  South  Carolina  the  loss 
was  almost  nominal. 

In  1845  the  damage  was  again  considerable  in  Lonisiana,  and  the 
other  States  suffered  as  well,  the  total  loes  from  caterpillars  being 
greater  than  in  any  other  year  since  1338. 

1846,  however,  overshadowed,  perhaps,  all  previons  cotton-worm 
years.  The  caterpUlars  appeared  in  force  much  earlier  than  they  had 
ever  been  seen  before,  and  &om  Texas  to  Sooth  Carolina  hardly  a  plan- 
tation escaped  without  loss.  In  South  Carolina  old  inhabitants  say  that 
the  rain  of  the  crop  was  complete.  In  Florida  more  than  half  the  total 
OTop  was  lost.  In  Alabama  the  loss  was  nearly  as  great  In  Mississippi 
and  Lonisiana  on  a  general  average  one-third  of  the  crop  was  destroyed. 
Writing  to  the  Ameriean  Agrieulturiat  September  9, 1846,  fiwm  Wash- 
ington, Miss.,  Mr.  Thos.  AiCleok  gives  the  following  graphic  acoonnt  of 
the  situation: 

The  CateiplUar,  Cotton  Worm,' Cotton  Uoth  (Ifbeliia  xgUna),  oi  cheoille  of  tha 
-  Fnnob  We«t  Indies,  Qniana,  Sto.,  has  utterly  blighted  the  hopeeof  the  ootton-plantec 
.  tor  tM  present  year,  and  piodaoedmost  anxiona  fears  tor  the  tattm.  1  have  heard 
from  the  greater  part  of  the  cotton-growing  legion — the  news  is  all  alike — the  worm 
htm  destroyed  the  crop,  I  have  no  Idea  that  any  considerable  portion  of  any  6tat« 
willeaoape.  ■  *  ■  The  present  year  the  crop  isimninaUybaolcwaid,  at  least  four 
weeks  later  than  nsnal.  We  have  bat  Jost  oommenoed  picking;  nsually  beginning 
abont  the  last  week  In  Jaly  or  the  first  week  in  Angnst,  At  this  moment  every  field 
within  this  region  of  conntry,  eay  sonth  of  Vloksbarg,  is  stripped  of  everything  bnt 
the  atems,  the  larger  branohes,  and  a  few  of  the  fiiHt  bolls,  already  too  hard  for  the 
worms'  power  of  mastication.  The  foU-grown  boUs  not  yet  become  bard  are  com- 
pletely eaten  ont,  a  clroomstance  I  havenever  heard  of  but  ones  before,  in  182S.  The 
fields  prwent  amost  melancholy  appearance;  looking&om  theblnff  atN'stoheiaoross 
the  river  to  those  fine  plantations  baokofTidall^  nothing  la  to  beaeen  bnt  the  brown 
withered  skeleton  of  the  plant. 
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In  Texas  the  coaat  counties  were  overran,  bnt  tbe  inland  counties, 
irith  here  and  there  a  marked  exception  (Walker  lost  60  per  cent,  of 
tlie  crop),  escaped  witbont  particolar  damage. 

It  was  at  the  close  of  this  year  that  the  theory  of  periodical  recor- 
reDce  of  tbe  worms  in  destmetire  nnmbers  evety  twenty-one  years  be- 
gan to  be  mentioned  in  the  newspapers.  Some  person,  noticing  that 
tbe  years  of  great  disaster,  1804,  1825,  and  1346,  were  separated  by 
periods  of  twenty-one  years,  formulated  the  theory  that  these  periods 
were  constant,  and  that  in  1867  another  similar  invasion  was  to  be  ex- 
pected. The  confidence  with  which  this  idea  was  onirersally  regarded 
warrants  its  mention  here. 

In  1847  tbe  months  of  Juoe  and  Jnly  aagnred  an  exceedingly  bad 
worm  year,  for  the  caterpillars  appeared  very  early  in  considerable 
force  wid  were  widespread.  The  season,  however,  proved  nnfkvomble 
to  their  great  increase,  since  it  was  remarkable  for  periods  of  great  heat 
and  dnmgbt,  intermpted  by  an  occasional  severe  stonn,  aud  compitra- 
tively  little  damage  was  done  by  tbe  caterpillars,  although  the  crop 
suffered  &om  the  other  canses  mentioned. 

Prom  this  period  to  1806  there  was,  as  far  as  we  can  ascertain,  not  a 
single  general  caterpillar  year.  The  worms  were  every  year  to  be  found, 
and  ocoasionaUy  did  some  severe  local  damage.  Tbna  in  1S49, 1851, 
and  1852  the  crops  of  northern  Florida  were  injured  quite  seriously ; 
1S52, 1854,  and  1860  were  qnite  marked  in  the  canebrake  region.  In 
1853,  1860,  and  1864  the  wonns  were  more  than  usually  injurious  in 
Mississippi  and  Louisiana.  In  1850  they  made  their  first  recorded  ap-  ' 
pearance  in  Tennessee.  1864  and  1865  were  marked  by  the  appear- 
ance of  tbe  worms  in  Korth  Oarolina.  The  visitation  in  both  of  these 
years  seems  to  have  been  severer  than  in  any  year  since  1847,  though  it 
is  difScnlt  to  compare  them  on  acooant  of  the  compaiatively  small 
amonnt  of  cotton  grown  during  the  war. 

From  1866  up  to  the  present  date  the  worms  have  been  widespread 
every  year.  It  is  a  common  thing  to  hear  planters  say, "  Tbe  worm  never 
nsed  to  be  as  destructive  as  this  before  the  war";  and  indeed  the 
records  seem  to  bear  out  the  assertion.  We  may  look  for  the  reason, 
without  doubt,  in  the  general  looseness  and  carelessness  of  the  sj'stem 
of  cultivation  since,  as  compared  with  the  clean  and  thorongh  methods 
before  the  war. 

A  la^^  crop  in  1866  was  a  necessity.  Gotten  had  risen  greatly  in 
▼aloe,  and  as  a  consequence  of  this  and  of  the  liberation  of  tfaeplanters 
bom  martial  occnpataon  tbe  acreage  was  largely  increased  over  the, 
preceding  five  years.  Unfortunately,  however,  it  proved  a  bad  worm 
year.  The  losses  maybe  averaged  about  as  follows:  Louisiana,  Texas, 
and  Alabama  about  40  per  cent.;  Mississippi,  30  per  cent.}  Georgia, 
Florida,  and  South  Carolina  much  less.  The  hopes  and  fears  for  the 
result  of  this  crop  and  the  disastrous  effects  of  tbe  advent  of  the  worms 
are  well  teldby  Mrs.  HEuriet  Beeeher  Stowe  in  an  article  entitled  "Our 
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Florida  PluitatioD''  [Atlanfie  Monthlj/,  Hay  1879,  p.  641).  The  wonns 
were  thin  year  very  aleHtrnctive  ia  southeni  Arkansas,  and  also  did  some 
damage  in  Korth  Carolina. 

Tliere  were  not  lacking  those  Trho,  on  the  coming  of  1867,  prophesied 
a  year  of  general  devastation  on  account  of  the  space— 21  years — be- 
tween tliis  year  and  1846;  hut,  contrary  to  their  expectations,  1867  was 
but  little  worse  than  1806.  Texas,  it  is  true,  suffered  severely,  bat  the 
other  States  were  comparatively  exempt.  The  districts  along  the  Mis- 
sissippi Biver  in  Louisiana,  Arkansas,  and  Miasisflippi  were  damaged 
considerably,  but  the  interior  counties  were  injureil  but  little.  In  Ala- 
bama, Georgia,  and  Florida  the  total  losses  were  slight.  Here  and  thei« 
the  crop  of  a  small  district  would  be  taken,  but  the  average  loss  was 
low.  In  the  latter  part  of  the  season  the  worms  were  numerous  in 
South  and  North  Carolina,  but  they  injured  the  crop  but  little. 

1868  proved  to  be  one  of  Uie  most  disastrous  years  on  record.  The 
worms  appeared  in  May  in  Texas,  and  the  gravest  fears  were  expressed 
from  this  early  advent.  On  the  whole,  the  loss  in  Texas  and  Louisiana 
did  not  equal  that  of  the  previous  year.  In  Mississippi  the  loss  was 
rather  greater  than  in  1807.  Alabama  and  Georgia  suffered  exceed- 
ingly; the  loss  in  the  latter  State  was  entirely  unprecedented.  Through 
the  central  part  of  the  State  the  arerage  loss  is  reported  at  50  per  ceut. 
In  Alabama,  with  a  few  exceptions,  the  central  and  northernmost 
counties  were  damaged  the  most,  the  exceptions  being  Conecuh,  Cren- 
shaw,  Barbour,  and  Alontgomery,  In  South  Carolina  the  crojts  were 
it^ured  in  some  localities  to  the  extent  of  a  loss  of  3.1  per  cent  In 
North  Carolina,  though  numerotm,  the  worms  were  not  destructive,  clear- 
ing away  the  leaves  just  in  time  to  assist  iu  the  ripening  of  the  bolls. 

One  cannot  help  but  notice,  in  studying  these  appearances  of  the 
worm  from  year  to  year,  that  they  come  in  waves,  gradually  increas- 
ing, until  at  length,  from  one  cause  or  another,  they  break  and  almost 
disappear.  1825, 1840, 1868,  and,  as  we  shall  see,  1873,  1S7G,  and  1881, 
are  the  culminating  points  of  such  waves  or  series  of  years  daring  which 
the  ravages  of  the  worms  have  been  gradually  increasing,  and  in  the 
year  following  each  of  these  comes  the  breaking,  and  the  next  wave  is 
begun.  With  a  few  unimportant  exceptions,  this  rule  is  observed 
throughout  the  entire  history  of  the  Cotton  Worm. 

This  result  is  natural,  and  arises  from  the  tendency  of  the  worms  to  in< 
crease  in  geometrical  proportion  and  at  a  more  rapid  rate  than  their 
parasites.  But  whenever  they  have  multipliM  beyond  the  power  of 
,  their  food-plant  to  snstain  them,  or  whenever  meteorological  conditions 
anfavorable  to  their  increase  obtain,  the  parasites  get  the  upper  hand 
and  the  break  in  the  series  occurs.  This  rise  and  full  has  often  been 
noticed  by  writers  on  injurious  insects,  bnt  from  the  very  nature  of  the 
ease  it  is  not  regular,  and  cannot  be  depended  upon. 

1869  proved  to  be  a  year  of  drought,  and  there  was  a  sudden  decrease 
in  the  loss  from  the  caterpillars.    Here  and  there  the  crop  of  a  county 
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vas  taken,  bot  the  loss  vas  by  no  means  general.  Id  Wayne  Coanty, 
North  Carolina,  etrange  to  say,  the  vorma  came  in  Aagnst  and  injured 
the  crop  to  a  slight  extent.  Soatb  Carolina  suffered  no  loss.  In  Geor- 
gia, the  Boathem  tier  and  the  coast  coanties  vere  damaged  quite  badly, 
but  the  remainder  of  the  State  escaped. 

Of  the  northern  coanties  in  Florida,  Bradford,  Leon,  and  Putnam 
sustained  quite  seTere  losses,  while  Santa  Kosa,  Jackson,  and  Daval 
suffered  none.  In  Alubama  considerable  damage  was  done  to  a  few 
counties,  as  WOcox,  Macon,  Dallas,  and  Greene.  In  Mississippi  and 
Lonisiana,  the  loss  was  insignificant.  In  Polk,  Blanco,  Matagorda 
and  Goliad  Connties,  Texas,  the  cotton  was  badly  eaten,  but  the  remain- 
der  of  the  State  was  comparatively  exempt. 

The  worms,  instead  of  increasing  in  numbers  in  1870,  as  should  have 
been  the  case  according  to  the  rule  just  mentioned,  were  decidedly  fcTver 
and  less  destructive  than  in  ItiCO,  the  same  causes  operating  to  produce 
this  result,  as  1870  proved  to  be  a  year  of  severe  and  long-continued 
drought.  In  N^orth  Carolina,  South  Carolina,  Georgia,  Florida,  Ala- 
bama, and  Mississippi  the  worms  were  found,  but  almost  no  damage 
resulted.  Isolated  countiefi  in  Texas  suffered,  while  in  Louisiana  by 
lar  the  greatest  damage  of  the  year  was  done.  Ifapides,  Avoyullee, 
East  Feliciana,  Teitsas,  and  Jackson  Parishes  each  sustained  a  loss  of 
from  5  to  20  per  cent. 

In  1871  the  increase  again  commenced,  the  principal  damage,  as  iu 
the  previous  year,  being  done  iu  Lonisiana.  North  and  South  Carolina 
sustained  no  loss,  and  Georgia  suffered  but  slightly.  In  Florida  the 
crop  was  so  severely  injured  by  heavy  storms  that  the  worms  were 
hardly  noticed.  In  Alabama  and  Mississippi  there  was  a  decided  in- 
crease fn  the  number  of  worms.  In  Louisiana  the  crop  as  a  whole  was 
veiy  badly  damaged,  though  iu  many  parishes  the  loss  was  slight.  The 
distribution  of  the  pointe  of  heaviest  injury  was  strange  and  difficnlt  to 
explain.  Great  loss  was  sustained  iu  Iberia,  Saint  Landry,  Washing' 
ton,  Avoyelles,  and  Caddo;  leas  iu  East  and  West  Feliciana,  Rapides, 
and  Bichland ;  while  in  Tangipahoa,  Madisou,  Tensas,  Red  Biver,  Clai< 
borne,  Ouachita,  and  Morehouse  but  few  worms  were  to  be  found.  In 
Texas  the  worms  were  widely  distributed,  but  iu  only  a  few  counties  was 
even  the  top  crop  (representing  5  per  cent,  or  a  little  more)  taken.  In 
Lafayette  County,  Arkansas,  the  late-appearing  caterpillaxs  damaged 
the  crop  to  some  extent. 

In  1872  occnrred  another  and  greater  Increase  in  the  damage  done 
by  the  worms.  In  fact,  the  loss  this  year  was  so  great  that  1872  is  en- 
titled to  be  ranked  as  one  of  the  years  of  general  loss  by  the  side  of  . 
1804, 1825, 181G,  18GS,  and  1873,  although  considerably  inferior  to  the 
last-named  and  possibly  to  the  early  ones.  The  caterpillars  appeared 
rarly  in  June  in  Florida,  Louisiana,  and  Texas.  In  Texas  the  amount 
of  damage  was  not  great.  In  Louisiana  it  fully  equaled  that  of  the 
previous  year.    Tangipahoa,  Marion,  Concordia,  Bapides,  Saint  Landry, 
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WashingtoD,  Bed  Biver,  and  Jackson  Parisbes  all  sastained  great  loss. 
In  MiBBisslppi  tnauy  of  tbe  central  and  eonthem  conndes  were  deras- 
tat«d,  tbe  more  northern  part  of  the  State  ei^oying  comparatiTe  imma- 
oity.  We  qaote  from  the  Monthly  Beport  of  the  Department  of  Ag- 
ricaltare  for  September,  1873,  as  to  the  state  of  af^rs  in  Alabama: 

Oar  Angoat  Tetonu  from  Alabunk  foreobadowed  an  extenaiTs  vjsftation  of  tbeoot- 
ton  oaterpillar,  which,  aaoot  Septembor  reporU  show,  wan  tnUj  and  painAillj  realized. 
In  aome  places  the  boll-wonu  vied  with  tba  ootton-wonn  Id  iti  deatmetive  inflnenee. 
Beporta  of  either  or  both  of  tlwae  peata  come  from  Macon,  Pike,  Marengo,  Coaeenh, 
Perry,  Uontgomery,  Crendiaw,  Bnaaell,  Fisk,  Calhoun,  Chambera,  Batler,  Autanga* 
Dallaa,  Wilooz,  and  Tusoalooaa  Coimties.  In  Crenahaw  tbe  fields  ware  denaded  of 
foliage.  In  Calhoun  the  crop  pioapect  was  reduced  25  per  cent,  in  five  days.  In 
Antanga  the  roada,  woods,  and  wells  were  fall  of  army  and  boll  wonuB.  In  Wiloox 
the  caterpillars,  aft«r  etripping  the  ootton-plant  of  its  leavea,  attacked  the  bolls,  eat- 
ing ihe  smaller  ones  and  killing  the  larger  ones  by  gnawing  aronnd  them.  In  Putij 
the  crop  was  oat  down  to  half  an  average  after  Angnst  SO,  In  Coneonh  tbe  destzno* 
tion  was  almoet  complete,  asitalso  wasinRnssell.  All  through  tbe  cane-brake  region 
the  loaa  was  very  aerere.  Sutler,  Clark,  Wilcox,  Dallas,  Peny,  and  Tosoaloosa  report 
a  loss  of  one-half;  Pike,  Bibb,  Hale,  Calhoan,  and  Iiimeetone  a  loss  of  one-foorth  or 

In  Florida  also  the  loss  was  very  great;  Sawannee,  Leon,  Taylor, 
Oolambia,  Orange,  Jackson,  and  Jefferson  Coontles  alt  lost  from  50  to 
7C  per  cent,  of  their  crops,  while  Clay  Coonty  lost  33  per  cent.  Nearly 
every  cotton-growing  county  in  Georgia  and  South  Carolina  was  visited 
sooner  or  later,  bat  the  losses  were  not  great  compared  with  those  of 
Florida  and  Alabama.  Tbe  worms  were  also  remarkably  widespread 
and  abundant  in  2Torth  Carolina,  althoogh  not  particnlarly  iqjariona. 
They  also  appeared  in  sontbera  Arkansas. 

In  the  whole  history  of  the  Cotton  Worm  in  the  United  States,  from 
1793  down  to  tbe  present  time,  it  is  doubtful  whether  1873  was  ever 
eqmtlled  (certainly  never  exceeded]  in  tbe  los^  occasioned  by  worms. 
Throughout  the  whole  extent  of  the  cotton  belt  hardly  a  plantatloa 
escaped,  and  in  many  cases  the  crop  was  a  total  loss.  In  many  localities 
the  caterpillar  made  its  appearance  for  the  first  time,  and  has  not  since 
been  reported.  There  must  have  been  a  very  extensive  hibernation  of 
the  moths,  for  as  early  as  tbe  latter  part  of  Uay  tbe  worms  had  appeared 
in  BufHeient  numbers  to  be  reported  from  Florida,  soathem  Georgia, 
Alabama,  Mississippi,  and  Texas.  The  appearance  of  tbe  destructive 
brood  at  the  end  of  Jnne  was  extensively  reported,  and  the  localities  are 
of  great  interest  aa  bearing  upon  the  subject  of  centers  of  hibernation. 
They  areas  follows:  Decatur  County,  Georgia ;  Liberty,  Leon,  Jackson, 
Gadsden,  Suwannee,  and  Columbia  Counties,  Florida ;  Clarke,  Wilcox, 
Dallas,  Tuscaloosa,  Barbour,  aud  Saint  Clair  Counties,  Alabama ;  Wil- 
kinson, Marion,  and  Jasper  Counties,  Mississippi;  TangipahcA,  West 
Feliciana,  Concordia,  Bapides,  and  Carroll  Parishes,  Lonisiana;  and 
Atascosa,  Austin,  and  Galveston  Counties,  Texas. 

It  will  be  annecessary  to  go  through  the  list  of  States  specifying 
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Thich  connties  solfeied  the  most.  In  LoaiBiana,  Missisaippi,  AUbatua, 
Georgia,  and  Florida  the  greatest  damage  was  done.  Texas  did  not 
suffer  so  mach  proportioDately,  althoagh  it  experienced  a  great  loss.  In 
Arkansas,  Sooth  and  Ifortb  Carolina  more  damage  was  done  tlian  had 
ever  before  been  known;  while  in  Tennessee  and  even  in  Virginia  tbe 
worms  were  fomid  in  great  nambers  towards  the  «lose  of  tbe  season. 

The  following  extract  from  tbe  Monthly  Beport  of  the  Department  of 
Agricnltare  for  Febrnary,  1874,  shows  well  the  relative  causes  of  injury 
to  the  crop  of  1873,  and  the  prominence  which  should  be  given  to  the 
caterpillar: 

Tbe  relative  InflneDue  of  eaoli  oaum  In  dftnugliig  the  crap  of  1B73,  aa  indicated  by 
mu  Don«[paud«Dta,  may  I>e  stated  in  the  foliowing  order  in  the  different  States: 

IfortX  Carottna. — Baine,  ftoet,  worms. 
'Antlfc  Corotju.— Eains,  ftost,  woima. 

Gtorgia.—YfotBa,  more  tlutn  all  other  canwa  combined ;  raine,  frost,  dnraffht,  high 

JTorida. — Storms  of  rain,  worms. 

Aldbama, — Worms,  raia^  froat. 

Mifitnppi. — Worme,  spring  rainn,  drought,  ftcst. 

Ztaiiimut, — Worms,  rains,  high  winds. 
'  Ttxdt. — Worms,  talus,  dronght,  froet,  bad  gins  and  iuexperlenoed  ginneTS. 

ArkoMMtM. — Rains,  worms,  dronght,  fhwt. 

TenneuM. — Dronght,  f^oet,  rains,  plant-llco,  a  cold  and  wet  spring. 

In  the  Onlf  States  the  greatest  injury  thas  appears  to  have  been  wronght  by  womu, 
Axoepting  only  Florida,  where  the  devastating  storms  in  September  and  Octot>er,  par- 
tlcnlarlf  that  of  September  19,  proved  more  destmctive  than  the  caterpillar,  which 
was  abundant  and  saScientl j  injnrions. 

The  prevalence  of  rains  will  be  noticed  throaghont  the  whole  cotton 
belt  in  the  above  extract,  and  should  be  borne  in  mind  as  bearing  upon 
the  iuflnence  of  rain  and  drought  upon  the  abundance  of  the  caterpillar; 
1874,  the  succeeding  year,  will  be  seen  to  have  been  very  dry  and  the 
worms  were  comparatively  innoxions. 

In  1874  the  worms  appeared  rather  early,  bat  owing  to  tbe  severe 
and  long-continued  drought  did  but  little  damage  except  In  afew  limited 
localities.  The  crop  was  poor,  but  this  was  entirely  owing  to  the  pro- 
tracted dry  spell.  As  one  correepondent  of  the  Department  aptly  ex- 
pressed it, "  the  drought  killed  the  cottou,  and  the  woims  toa"  Appear- 
ing in  early  June  in  noticeable  numbers  in  Texas,  Louisiana,  and  tbe 
other  Gulf  Statefi,  the  increase  in  numbers  was  remarkably  slow  until 
it  was  too  late  for  the  crop  to  be  greatly  damaged.  In  some  counties, 
notably  Beaufort  and  Kichland,  South  Carolina;  Murray,  Georgia; 
Lowndes  and  Wilkinson,  Mississippi;  and  Burnet  and  Hardin,  Texas, 
tbe  leaves  were  well  stripped,  which  served  to  render  the  plant  more 

sasceptible  to  the  dronght.    Altogether  1874  may  be  considered  a  year 

of  remarkable  immunity. 
The  growing  season  of  1875  up  to  tbe  month  of  August  was  also  dry, 

while  that  month  was  marked  by  heavy  storms.    Both  these  causes 
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operated  to  still  farther  reduce  the  aumbers  of  the  worms;  hence,  1875 
ia  to  be  ranked  as  a  year  of  even  greater  immunity  than  1874.  The 
voTtaa  were  not  noticed  at  all  early  In  the  season,  and  in  the  few  locali- 
ties where  tlie.r  did  injure  the  crop,  their  late  coming  was  all  the  mote 
unexpected  and  Beemingly  disastronB.  These  localities  were  confined 
almost  entirely  to  northern  Florida,  although  some  damage  was  reported 
from  Austin  and  Polk  Counlies,  Texas ;  Lowndes  County,  Alabama, 
and  a  few  other  counties.  1875  ranks  as  a  good  cotton  year,  the  gen- 
eral average,  according  to  the  monthly  statistical  reports,  slightly  ex- 
ceed j  ug  100,  the  unit  of  comparison  being  normal  growth  and  unimpaired 
vitality. 

During  the  earlier  part  of  the  season  of  1876  rains  were  very  abun- 
dant over  the  larger  part  of  the  cotton-belt.  Later,  in  September  and 
October,  the  crop  sufl'ered  IVom  drought  in  Louisiana  and  parts  of 
Texas,  but  in  general  the  wet  weather  continued  tbrongbont  tlie  sea- 
son. In  consequence  of  this  disposition  of  the  weather  in  their  fiivor, 
there  was  ft  most  marked  increase  in  the  number  of  the  caterpillars 
throughout  the  entire  southern  portion  of  the  belL  In  Georgia,  Florida, 
Alabama,  Mississippi,  and  Texas,  the  damage  was  considerable;  but 
Louisiana  escaped  material  injury.  Owing,  probably,  to  a  small  hiber- 
nation, the  worms  were  not  noticed  particularly  until  late  in  July  and 
August;  but  then  the  extremely  favorable  weather  caused  snch  a  rapid 
development  and  great  increase  that  they  became  destructive  some 
time  before  the  top  crop  conid  be  saved.  The  State  suffenng  the  most 
was  Alabama,  The  worms  were  more  or  less  injurious  in  Marengo, 
Coffee,  Clark,  Bullock,  Lauderdale,  Crenshaw,  Monroe,  Lowndes,  and 
Hale,  and  especially  so  in  Dallas,  Greene,  Conecuh,  and  Perry,  In 
Texas,  Bastrop,  Burnet,  Fayett*,  Austin,  Matagorda,  and  Waller  were 
damaged,  while,  etrange  to  say,  both  south  and  north  of  this  group  of 
counties  the  worms  were  rei>orted  as  coming  too  late  to  do  much  dam- 
age. In  this  connection  we  may  quote  from  an  interesting  letter  fh>m 
an  Austin  County  correspondent,  published  in  the  Monthly  Beport  of 
this  Department  for  September: 

Aa  predicted  in  my  loat,  the  Cotton  Wonn  reacbed  jsb  last  ireek,  and  dsTODied 
every  partiale  tbat  naa  eatable,  leavtw,  blossone,  aad  nmoll  1>o1Ib.  Never  aince  my 
knou'ledge  have  these  worms  appeared  is  Bncb  a  moltitude.  After  haviog  laid  wast* 
onr  fields,  tbey  thronged  and  blackened  onr  lanes,  roada,  and  bigtiwaye;  tliey  peno- 
trated  lawns,  yarda,  and  even  dwell! ng-honsea,  If  iug  In  tlie  pathway,  requiring  the 
constant  use  of  the  broom  to  repel  onr  loathsome  fniesta,  -Eeos,  tnrkeys,  and  geese 
had  a  feast  and  grew  fat.  In  tlus  portion  of  the  connty  the  lose  waa  oot  oo  ecTere 
as  the  gathering  hud  already  begnn,  and  most  of  the  holla  were  fnlly  grown;  but  thtt 
Boutbem  part,  bordering  nponanextenHlrepTairiethatreachea  to  lite  Gnlf  of  Mexico, 
300  miles  distant,  wob  attacked  foar  weeks  earlier,  and  the  loss  ia  a  very  severe  one. 

In  Florida  the  damage  was  very  unequal,  the  crops  of  Jackson,  Jef- 
ferson, and  Madison  Connties  Buffering  severely,  while  other  adjoining 
counties  were  exempt. 

In  1877  there  was  a  falling  off  in  the  numbers  of  the  caterpillars  in 
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fhe  States  which  were  iujnred  the  roost  the  previoos  year,  while  in 
LoaisianajwMch  almost  escaped  in  187(>,  the  caterpillars  this  year  wera 
abondant  aod  destmctive.  The  September  retttras  say:  "The  cater- 
pillar ia  present  in  all  of  the  Onlf  States,  and  in  South  Carolina,  bat 
has  done  little  damage  as  yet,  except  in  Texas.  In  several  of  the  par- 
ishes of  Lonisiana  the  loss  is  considerable  from  this  cause." 

The  special  featnre  -of  the  year  was  the  injury  in  Texas,  Early  in 
Jtdy  the  caterpillars  were  proviug  destructive  in  Ilardin,  Jasper,  Bra- 
zoria, Atascosa,  Victoria,  and  Uvalde.  la  August  one-half  of  the 
coautiea  sending  in  returns  were  infested  more  or  less  seriously.  Id 
Ijavaca  County  the  crop  was  almost  completely  destroyed,  and  Qonzales 
Connty  reported  a  loss  of  75  per  cent.  Before  the  close  of  the  season 
Austin  bad  lost  50  per  cent.,  Hardin  76  per  cent,  Polk  75  i>er  cent., 
and  Waller,  Colorado,  Walker,  and  Fayette  were  all  damaged  to  some 
extent.  AiDong  the  Louisiana  parishes  iujared  we  may  mention  Bich- 
land,  Claiborne,  l^ast  Feliciana,  and  Jackson.  In  Mississippi,  the 
Bontbern  part  of  the  State,  Inclndiug  Wilkinson,  JefTerson,  and  Coving- 
tOD  Counties,  was  overrun,  bat  the  crop  was  not  seriously  damaged. 
Alabama  and  Georgia  were  comparatively  unharmed,  while  in  Florida 
the  worms  were  numerous,  but  not  particularly  destmctive.  In  the 
annual  report  of  this  Department  for  1877  tbo  loss  from  eaterpillara  for 
this  year  is  estimated  in  round  numbers  at  815,000,(100. 

Concerning  the  occurrence  of  caterpillars  in  187S,  we  are  nnable  to 
get  very  fall  statistics,  since  the  prevalence  of  yellow  fever  in  parts  of 
tiie  Sonth  rendered  correspondence  difficult  and  drew  the  attention  of 
tiie  planters  from  their  crops  to  their  personal  safety.  The  worms  ap- 
peared early  in  Texas,  and  were  reported  soon  after  the  1st  of  June 
from  Uvalde,  Atascosa,  Matagorda,  Brazoria,  Victoria,  Lavaca,  Fort 
Bend,  Austin,  Hardin,  Polk,  and  Jasper  Counties.  In  spite  of  this 
early  appearance  they  seem  to  have  spread  but  little,  and  ia  none  of 
the  counties  mentioned  did  the  loss  exceed  one-fifth  of  the  crop.  All 
through  the  cotton  belt  the  season  was  a  very  fine  one,  and  the  crop 
laised  lai^Iy  exceeded  that  of  1877.  In  Sonth  Carolina,  the  worms 
were  reported  from  fiiohland  and  Clarendon  Counties  late  in  the  falL 
In  Georgia  they  were  not  noticed  until  late  in  August,  and  then  only  in 
the  more  sontbem  portion  of  the  State.  Baker,  Thomas,  Dodge,  Lee, 
and  Early  reported  them  in  September,  and  Liter,  Uooly,  Laurens, 
and  Worth.  In  Alabama  and  Louisiana  the  worms  were,  as  in  the  pre- 
ceding States,  not  reported  nntil  late,  and  their  injuries  were  not 
severe.  Coffee,  Bullock,  Covington,  Dallas,  Barbour,  Macon,  Baldwin, 
Crenshaw,  Monroe,  Conecnli,  Dale,  Wilcox,  Lowndes,  Autauga,  Jefl'er- 
■OD,  Hale,  Montgomery,  Perry,  Greene,  Snmter,  and  Pickens  Counties, 
Alabama;  and  Concordia,  Caddo,  Franklin,  Lafayette,  Madison,  Bos- 
rier,  and  Bienville  Parishes,  Louisiana,  all  returned  more  or  less 
damage.  In  two  Arkansas  Counties — Pope  and  Crawford — the  crop 
iras  also  damaged.    In  Florida  nearly  all  of  the  coaaties  belonging  to 
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the  Dortbera  tier  were  infested,  bat  none  badly;  tlie  crop  of  Hills- 
borough County,  ferther  soutli,  was,  however,  considerably  shortened. 

In  187d  the  worma  were  noticed  and  reported  earlier  than  ever  be- 
fore, but  this  is  dne  to  the  faut  that  active  workers,  attached  to  the 
Commission  and  to  the  Department,  vere  on  the  lookout  for  tbeiu. 
They  were  reported  in  the  canebrake  region  of  Alabama  by  Mr.  Tre- 
lease,  and  in  the  Colorado  bottom,  in  Texas,  by  Mr.  Schwarz,  about  the 
middle  of  May;  1879  wav  uot,  however,  a  bad  worm  year.  Althoagh 
some  localities  suffered  considerable  loss,  the  general  loss  vas  far  from 
great.  From  the  September  report  apon  the  condition  of  crops,  issued 
by  this  Department,  we  leant  the  following:  The  caterpillars  were  pres- 
ent in  great  numbers  on  the  Ist  of  September  in  Beaufort  County, 
South  Carolina;  Baker,  Dooly,  Muscogee,  Brooks,  Lee,  and  Stewurt 
Counties,  Georgia;  Putnam,  Bradford,  Sumter,  and  Marion  CountieB, 
Florida,  and,  in  a  lesser  degree,  in  Madison,  Leon,  Suwannee,  and 
Gadsden.  In  Alabama,  Wilcox,  BuUoek,  Coffee,  and  Ferry  suffered 
considerably,  while  Dale,  Lowndes,  Monroe,  Barboar,  and  Conecuh 
were  overrun  with  less  resulting  damage.  Mississippi  reported  the 
caterpillars  in  Lauderdale,  Bankin,  Scott,  Newton,  Carroll,  Lpwndes, 
Oktibbeha,  Copiah,  Sharkey,  nindes,  Leake,  Holmes,  and  Jasper. 
Louisiana  sent  in  not  a  single  report  of  loss;  and  Texas  only  Austin, 
Trinity,  Waller,  and  Harrison;  Arkansas,  Drew  County.  The  Ko- 
vember  report  increased  this  list  by  Thomas  Connty,  Georgia;  Alachna, 
Wakalla,  and  Hamilton  Counties,  Florida;  Clarke,  Hale,  and  Lee 
Counties,  Alabama;  Amite,  Newton,  and  Smith  Connties,  Mississippi; 
and  Brazos  and  De  Witt  Counties,  Texas;  the  two  last  reporting  the 
crop  as  beiug  almost  entirely  destroyed  by  worms.  The  year,  as  a 
whole,  was  not  a  favorable  one  for  cotton;  aad  the  crop,  as  a  whole,  fell 
short  of  that  of  the  previous  year  in  spite  of  an  increased  acreage. 

In  1880  there  seemed  to  be  no  especially  marked  increase  in  the  num- 
ber of  the  worms  over  the  previous  year.  The  season  was  a  favorable 
one  fbr  cotton  throughout  its  whole  extent  in  the  Caroliuas,  Georgia, 
Florida,  and  Texas;  although  too  wet  after  August  In  Alabama,  Mis- 
sissippi, and  Louisiana,  and  dry  in  Arkansas  and  Tennessee.  As  early 
as  June  i,  the  worms  were  reported  as  doing  much  damage  in  Bossier 
Parish,  Louisiana,  and  in  one  or  two  Texas  counties.  In  July  they  ap- 
peared in  Decatur,  Early,  Quitman,  Sumter,  and  Dooly  Counties, 
Georgia;  Gadsden  and  Madison,  Floiida;  BnlJock,  Hale,  Perty,  Bald- 
win, Macon,  Marengo,  and  Greene,  Alabama;  Panola,  Covington, 
Clarke,  Kemper,  and  Simpson,  Mississippi ;  Poiute  Couple  and  Uadt- 
son,  Louisiana;  Jackson,  Falls,  and  Walker,  Texas.  The  final  reports 
for  the  season  Kbow  that  the  damage  in  Georgia  was  considerable  in 
Decatur,  Lee,  and  Quitman ;  slight,  or  comparatively  slight,  in  Screven, 
Tronp,  Early,  Sumter,  and  Dooly ;  considerable  in  Lafayette,  Florida,- 
but  less  in  Marion,  Gadsden,  and  Madison;  considerable  again  in  Bar- 
bour, £lmore,  Crenshaw,  Bullock,  Hale,  and  Macon  Counties,  Ala- 
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bama,  aod  leas  again  in  Marengo,  Perry,  and  Greene;  coDsiderable  in 
Panola  and  IToxnbee,  MissisDippi,  and  less  in  JefferBon,  Covington, 
Clarke,  Kemper,  and  Simpson;  considerable  in  Bienville,  Oaddo, 
BosHier,  and  Sabine  Parishes,  Louisiana,  and  comparatively  small  in 
Washington,  Pointe  Coap^,  Madison,  Ouachita,  Saint  Helena,  More- 
house, and  Calcasieu;  conNlderable  again  hi  Comanche,  Erath,  Bastrop, 
Harris,  Robertson,  Wharton,  Matagorda,  Brazoria,  Fort  Bend,  Anstin, 
Limestone,  Montgomery,  Walker,  and  Brown  Counties,  Texas,  and  lesfl  ■ 
so  in  Folk,  Bexar,  Karnes,  De  Witt,  Jackson,  Falls,  Tltns,  Yictoria, 
Harrison,  Coryell,  Montague,  and  Paine.  In  Arkansas,  the  crop  of 
Hempstead  County  was  damaged. 

The  follovingsommaryof  the  losses  in  1881  is  taken  from  the  Annnal 
Beport  of  the  Department  of  Agriculture  for  1881 -'82: 

AI.UUMA. — Tall*4ega  i  Appeared  late  and  only  on  luxntiant  growth  in  aome  seotioiu. 
LiMt$tone:  SbedmorefromwantofpropeionltiTationaadralDaiiddioDght.  Lawrenee: 
In  low  Lottom-lands  to  some  extent.  Coneettli:  All  tbe  top  crop  destrojed.  Barbour; 
Partially  in  many  fields  mat  preceded  the  osterpillarB  and  deatrojed  what  thej  wonld. 
Pnrjr.-  Fntiile  early  and  sand;  land  later.  Chilton:  Abont  tbree-fonrths  stripped  of 
leaTM  early;  afterTain  bndded  out  bot  made  nothing.  DtEal^t  Stripped  in  some 
•eotiona.  SMnt  Clair:  Some  flelds  were  not  tonohed  while  otben  were  entirely 
■tripped.  Ckertkt*:  SomefleldHstrippedearIy,otbeTaiiotat«ll.  Jtuwall.-  On  bottom- 
lands  early.     Mamtgo :  Stripped  eutirely  where  no  polaon  was  used. 

Arxakbab. — Hemptteai:  Some  apots  none ;  othera  aa  high  aa  GO  per  cent.  Fttkuki: 
Earlier  tban  over  before.  Woodruff:  Only  the  foliage  and  umsatnied  bolla.  Jaokoon  : 
By  the  Army  Womi.  iIo»tgoni«rj/ :  Uany  fields  stripped  after  tbe  ootton  had  niatated. 
Popt:  Later  than  oanal.  Howard:  Leaf  Worn  came  early  bat  did  no  damage. 
jroMTM.*  Whole  region  stripped  bare  of  fbliaga, 

OxoKGIA. — Bihb:  On  bottom  and  new  land  only.  MmteofMi  On  lowlands  early} 
nplaads  later.  Lomndtt;  Second  cnipoffoliageentirelyatripped.  Baittoet:  Entirely 
on  low,' vet  landa.  Jonai:  Stripped  entirely  on  red  lands;  gray  land  anSeted  bat 
little.  D^elg:  Only  partially.  Morgan:  In  conseqnenoe  of  tbe  very  late  fall  and 
froat.  UiM*l« :  Pew  fields,  liftn-fif.-  Partially.  £iiWy .- Some  loosllties  early.  Oomm: 
Picking  of  the  beet  cott«n  wag  done  before  tbe  wonns  came. 

FLOama. — Columbtu!  Many  fields  stripped.  Maditoa:  Only  in  portions  of  tba 
eoanty.     Sitmttrs  Was  stripped  eutjrely. 

TxmfKssut. — Bedford:  BoU-wnnus  are  anVnowu  here,  thoogh  oaterplllara  stripped 
the  learea.  Xiaoaln  :  Stripped  of  leaves.  i>idk*i>H:  Very  little  damage  done  in  this 
•onnty.     WhUt:  BoU-wonns  do  tbe  most  damage. 

Booth  CutOUNA.— Ooonm.-  Only  partially  in  limited  loealltiea.  OrmmvOU:  Crop 
made  before  worms  oame.  yaeberry :  In  aome  localitiaa,  bat  so  late  In  aeaaon  as  not 
to  Injnre  yield;  rather  benefit  it  by  exposing  tbe  nnopened  bolls  to  ann.  Ahbmlllo: 
Where  it  appeared  dill  not  more  than  eat  the  leaves  on  tbe  plant.  BamnilU:  Stripped 
elean  of  leavea  and  yonng  bolls,  whiob  came  too  late  to  make  anything. 

NOKTH  CiBOLiMA.— Came  too  late  to  do  any  damage.  Xeaair.-  Did  not  appear  only 
Id  a  few  places.  Olaaihu.-  Only  appeared  in  a  few  places  and  too  late  to  do  any 
dam^^.  Catarm* :  Did  not  appear  till  after  crop  was  picked ;  they  tiien  stripped  the 
plant,  miMa.-  A  few  appeared  Jnst  before  frost,  bnt  did  no  damage.  Oanierland.- 
Pew  fields  bad  the  leaves  eaten  off,  bat  too  late  to  do  any  damage.  Pitt:  Few  places 
they  appeared,  bnt  too  late  to  do  any  damage,     CU/etland :  Tery  little, 

JjOUISUMa,—  rWloa ;  A  few  places  bad  tben  rnpurted,  bnt  no  damage  done.  Jaduan : 
Stripped,  bnt  after  maturity.  lAittoln:  la  some  places,  bnt  not  nntil  aft^  it  waa 
picked.  /VanUla:  Not  nntil  picking  was  over,  tben  only  partially.  EtM  OamU: 
Stripped,  except  very  high  laud  or  shaded. 
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UlSSIHIFPL  — I7ii<Mi;  In  wdm  looklitleB,  but  »ft«r  cotton  nutiiMd.  Tata:  Seooad 
growth  Mtten  by  them  (leaTCs)  bolls  not  hnrt.  CUektuaw :  Aimj  Wonn  dettioyed  top 
ei«p.  Aleorn ;  In  a  few  localitlea,  but  after  the  crop  hnd  mostly  opened.  Frtntitti 
Did  not  appear  nntil  abont  &OBt^  and  did  no  hum.  Banlcin:  Yery  little,  and  after 
boUa  were  matnted.  Jefftrton :  Destroyed  all  top  crop.  Clay :  Bottom  crop  at  matur- 
ing. It*ajiit»a:  Only  partUlly,  and  Uiat  late.  Clarke  i  Owing  to  the  eady  drooght 
the  learea  beoame  bo  hard  and  dry  that  they  made  very  alow  progrese. 

TULU. — Omualet!  In  iome  places  early;  othera  lat«.  Bee:  Damage  at  first  of 
■eaaon  by  Qnus-wonn.  Colorada:  In  some  seotioue  where  not  poieoned.  i>Mlaa; 
Partially  by  the  Web-worm.  Lit:  Where  poison  was  not  used  the  plant  was  genor- 
ally  stripped.  HoutUm :  la  veiy  few  seotioiiB,  and  Tery  late.  (fUt:  Came,  bnt  too 
late  to  do  harm.  Btomo*  :  Yery  late ;  too  late  to  iitjure.  £1m  Oak :  In  aome  looalltiM. 
TTimd.-  Too  lAte  to  damage.  £a«paM«.'  Came  .t4Ki  lato  to  damage.  Jfilo*.'  Seoond 
OTop  damaged  in  aome  looalltiea.  Van  Zandt ;  Caterpillars  oame  early  and  made  olean 
sweep.  OrimM:  Oaly  top  crop  It^nred,  whioh  seldom  amonnts  to  anything.  PmU 
Fbita:  Stripped  bnt  very  little.  Leo»:  Id  aome  places,  bnt  too  lata  to  do  damag*. 
Amta;  Some  fields  were  stripped,  bat  not  nntil  it  was  all  opened. 

HISTOBY  OF  BXHGDIBS. 

From  the  early  days  when  the  Oreoles  of  Louisiaca  fonght  the  che- 
nille which  waa  deetroying  their  cotton,  with  "holy  water,"  down  to  the 
present  time,  when  the  improTed  sprinklera,  with  their  extended  arms 
and  many  jets  of  poisoned  spray,  are  drawn  tbrongh  the  fields,  deatroy- 
ing  the  worms  npon  eight  to  twelve  rows  of  cotton  at  once,  it  is  plaia 
that  immense  Improvement  has  been  made.  Let  us  glance  at  the  steps 
by  which  this  was  broaght  abont. 

N'atarally  the  first  remedy  which  the  planter  would  try  woold  be  to 
destroy  the  worms  by  band,  and  tills  really  was,  so  far  as  we  can  find« 
the  first  method  used.  The  next  remedy  was  snggested  by  the  avidity 
with  which  ponltry  devoared  the  worms.  Dr.  Ohisholm  says  concem- 
mg  his  observations  in  Guiana  in  lS0X-'02 :  "  A  prudent,  economical 
planter  will  increase  the  brood  of  every  species  of  domesdo  poultry, 
particalarly  turkeys;  for  this  has  a  tendency  to  diminish  the  brood  of 
the  chenille  in  a  very  great  degree,  while  profit  arises  &om  the  aug- 
mentation of  asefol  stock.  Turkeys  are  observed  to  have  a  remarkable 
appetite  for  the  larvse  of  the  Cotton  Moth  and  devour  prodigious  quan- 
tities of  them."  With  this  remedy,  however.  Dr.  Ghi^olm's  practical 
ideas  seem  to  cease,  for  he  goes  on  to  describe  how  the  worms  may  be 
killed  by  burning  sulphor  on  a  chafing-dish,  the  plant  being  covered 
meanwhile  by  a  canvas  hood  I  By  the  use  of  this  remedy  (as  Mr.  Wailes 
many  years  afterwards  very  justly  remarked]  a  hand  might,  with  excep- 
tional diligence,  go  over  an  acre  mJifteen  or  twenty  daya! 

For  many  years  hand-picking  and  the  keeping  of  large  poultry  yards 
were  the  only  remedies  practised;  yet  excellent  success  was  attained 
where  thorough  und  energetic  planters  tried  to  save  their  crops  by  these 
means,  as  is  evinced  in  the  following  qnotation  &om  Seabrook  (1843) : 

The  caterpillar  appeared  in  aeveral  parts  of  the  field  of  John  Townsend,  of  Balnt 
John's,  Colleton,  early  in  Angnat  last.  The  plants  were  luxuriant  In  growth  and 
tender  in  weed  and  leaf,  and  the  weather,  being  warm  and  rather  molet,  was  altogethet 
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piopitions  to  tb«  spread  and  maltiplyiiig  of  the  wonn*.  By  tlw  adoption  of  prompt  and 
TiEOiooB  meaeureB,  eome  of  which  are  new,  and  *  rigid  perMrerauoe  in  their  execntion, 
liiicntp  escaped  mucathei),  while  man;  of  hiaCallow-laboTen  who  laoked  faith  in  any 

remedy  snSered  greatly.    In  the  attaluiDent  of  hia  purpoM  the  means  ceaorted  to  by 

Vr.  Towoaend  were  the  foUowing: 

1.  His  people  eeaicbed  for  and  killed  both  the  wonu  and  the  ohiyulii  of  the  fiial 

2.  On  the  appearance  of  the  second  brood  be  Mattered  eom  orer  the  field  to  Invito 
Qie  notice  of  the  birda,  and  while  thoy  depredated  on,  the  woimi  on  the  top  of  th* 
itaUu  and  their  apper  limbs,  the  tnrkeye  destroyed  the  enemy  on  the  lower  branohea. 

3.  When  in  the  anrelia  (chrysiilis)  state  the  negioe*  enuhed  them  between  thetl 
Bngen. 

4.  Eome  patches  of  cotton  whore  the  caterpillan  were  rery  thick  and  the  birdt 
and  Lurksys  conlil  not  get  access  to  them  were  destroyed. 

5.  The  topi  of  the  plants  and  the  ends  of  all  the  tender  and  Inzniiant  branchea, 
where  the  egga  of  the  bntterflj  are  usually  deposited,  were  ont  off. 

By  these  means,  resolutely  piueaed,  althongh  at  one  time  tJie  pniapeot  of  cheek- 
ing the  deptedators  was  most  cheerless,  not  the  slightest  iitloiT  to  the  field  was  SDa- 
tained.  The  experiment  cost  Mr.  Towusend  3^  acres  of  eotton,  abODt  1&  bushels  of 
oora,  and  the  work  of  all  his  people  fin  abont  five  days. 

It  will  be  noticed  that  among  the  lemediea  OBed  by  Mr,  Townsend  wew 
Uiat  of  topping  the  cotton,  under  the  Bnpposition  that  moat  of  the  eggs 
are  laid  upon  the  upper  and  tenderer  leaves.  This  was  one  of  the  early 
remedies,  bat  has  often  been  urged  since,  and  has  its  disciploa  to  the 
present  day.  As  ve  shall  show  in  discnssing  preventive  measures,  it 
may  be  employed  to  advantage  in  some  cases  lat«  in  the  season,  but  at 
the  most  critical  period  of  the  year  the  eggs  are  mostly  on  the  lower 
part  of  the  plant. 

About  1840  Mr.  Wailea  first  publicly  recommended  the  carrying  of 
lighted  torches  through  the  fields  at  night  to  attract  and  kill  the  moths. 
Soon  after,  large  fires  began  to  be  built  iu  different  parts  of  the  plan- 
tations for  the  same  purpose,  and,  later,  these  fires  were  built  upon 
elevated  platforms  floored  with  earth.  It  is  stated,  however,  by  Dr.  J, 
O.  Steal,  that  Col.  F.  D.  McDowell,  an  old  Florida  planter,  had  begun 
the  use  of  Area  to  destroy  the  moths  as  early  aa  1805,  First  and  last 
this  remedy  has  been  extensively  tried;  bat  the  general  verdict  seema 
to  be  against  its  utility.  It  is  held  that  such  fires  attract  to  a  planta- 
tion many  more  moths  than  they  kill.  One  author  has  even  gone  so  far 
as  to  dispute  that  any  moths  are  destroyed  in  this  way,  stating  that 
repeated  observation  has  shown  to  him  that  the  msh  of  hot  air  carries 
them  np  and  away  before  they  caa  reach  the  fiame. 

Prior  to  1855  were  published  a  nombecof  articles  recommending  the 
flying  of  white  flags  in  difi'ereBt  parts  of  the  flelds,  and  stating  that  the 
moths  would  ovii>osit  upon  them.  Each  published  recommendation, 
however,  was  &om  hearsay,  and  no  one  of  the  writers  was  able  to  say 
that  he  had  ever  seen  a  single  egg  upon  such  a  flag.  Where  the  idea 
started  we  are  unable  to  say. 

Clean  cultivation,  forcing  the  cotton,  and  rotation  of  crops  had  all 
been  urged  by  writers  before  this,  and  followed  by  many  planters,  no 
doobt  with  much  advantage. 
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MaDy&nciM  remedies  had  also  been  suggested,  sooh  as  soaking  the 
cotton  seed  in  a  poisonous  mixture  on  the  sappositiOD  that  the  egg  ol 
thfr  worm  waa  oontfuned  in  the  seed}  fall-plowing,  on  the  snppositioD 
that  the  pupa  hibernates  under  ground  ;  bnmiug  the  cotton  stalks,  as 
they  were  supposed  to  contain  the  eggs ;  hnmiug  the  oesta  of  the  web- 
wonns  on  trees,  which  were  thought  to  harbor  the  Cotton  Worms  daring 
the  winter,  and  many  others  equally  fallacious. 

The  use  of  plates  with  an  adhesive  sweet  of  some  sort,  to  attract  and 
oaptore  the  moths,  had  been  tried  for  some  years  prior  to  1855,  bot  we 
believe  that  Olovarwas  the  first  to  publicly  suggest  the  addition  of 
poison  to  the  mixtore.  Bo  also  Glover,  in  his  1855  report,  was  the  first  to 
describe  a  trap  lantern  for  catching  and  destroying  the  moths. 

In  1860  the  idea  of  poisoned  sweets  was  elaborated  by  Mr.  J.  H.  Heard 
into  a  patent  moth  trap,  which  has  been  quite  extensively  used  through- 
out the  South,  and  which  is  spoken  of  in  the  chapter  ou  remedies. 

After  the  close  of  the  war  the  planters  seem  to  have  awakened  fccaa 
the  partial  apathy  which  they  had  before  shown  on  the  subject  of  rem- 
edies. In  Louisiana  a  sweep  plow  was  invented  which  brushed  the 
worms  from  the  plants  and  buried  them  under  ground.  Xumerons 
stylesof  trap-lanterns  were  invented j  solntioss  of  cresylic  soap, carbolic 
acid,  and  other  less  eCKcacions  compounds,  such  as  decoctions  of  qnasaa 
and  iufhsions  of  China  berries,  were  tried,  bnt  with  only  partial  success 
in  the  case  of  the  former,  and  uone  in  the  case  of  the  hitter. 

It  was  not  until  1871  that  arsenic  began  to  be  used  in  solution.  In 
January  of  that  year  Thos.  W.  Mitchell,  of  Bichmond,  Tex.,  obtained 
a  patent  for  its  use  against  the  Cotton  Worm. 

In  June  of  1872,  at  the  organization  of  the  American  Agriculture 
Congress  at  Baint  Louis,  it  was  our  privilege  to  deliver  before  the  Con- 
Tention  a  lectoreon  Elconomic  Entomology.  There  were  many  Sonthem 
delegates  present,  and  in  the  discussion  which  followed  the  lectnre  we 
suggested,  in  answer  to  inqniries  ttom  Genend  Wm.  H,  Jackson,  of 
Nashville,  Tenn.,  and  Dr.  J.  O.  Wharton,  of  Terry,  Miss.,  that  the  Paris 
green  mixture,  which  was  proving  so  snccessM  against  the  Colorado 
Potato-beetle  at  the  Korth,  might  be  equally  efScient  against  the  Cot- 
tou  Worm  in  the  South. 

In  May,  1873,  having  in  the  meantime  experimented  with  Paris  green 
upon  various  Lepidopterous  larvfe  allied  to  the  Cotton  Worm,  we  read 
an  essay  before  the  second  meeting  of  the  Congress  at  IndiauapoUs,  in 
which  we  strongly  aud  unhesitatingly  recommended  the  use  of  the 
green  for  this  particular  insect.  An  abstract  of  the  essay  was  published 
in  the  Saint  Louis  Journal  of  Agriculture,  and  this  was  very  generally 
copied  in  the  agricultural  press,  especially  of  the  South.  The  extensive 
nee  of  the  green  for  this  purpose  dates  in  reaUty  from  this  period, 
though  there  is  evidence  that  it  was  nsed  in  Texas  and  in  Alabama,  In 
1873,  whether  as  an  outgrowth  of  our  remarks  at  Saint  Louis  in  June, 
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or  from  tbe  logical  reasoniiig  of  some  energetio  planter  or  plautorB,  It 
is  impoanble  to  say. 

Becently,  bowever,  Hr.  J.  P.  Btelle,  agrioaltnral  editor  of  the  Mobile 
Begtatar,  has  pat  forUi  his  own  claim  to  baving  been  the  first  to  pub- 
licly reoommead  the  ose  of  this  poiaon  for  the  Cotton  Worm.  Thia 
claim  he  basea  apon  an  artiole  which  appeared  in  .the  Segitter  in  Angost, 
18T3. 

This  artiole  appewed  as  an  editorial  in  the  body  of  the  paper  and 
not  in  Mr.  Stelle^a  agrionltnral  department,  a  fact  which  in  itself  wonid 
argue  that  be  was  not  its  author.  Moreover,  the  artiole  does  not 
speciSoally  recommend  the  ose  of  the  green,  bnt  simply  anuonnces  the 
f^  that  it  is  being  tried.  We  qnote  the  paragraph  in  wbiid)  it  ia 
fiHind: 

We  luv-e  bnt  little  to  offer  in  the  iray  of  lemedlea  vlth  wliloh  to  oombat  tlii*  p«st 
of  the  plwitar.  Hand-picking  ttie  plant*  !■  anie  bnt  liatdlj  praotieable  in  all  omm. 
lirea  built  about  the  field  at  night  iroold  be  likely  to  do  MHne  good  in  the  way  of 
deatroyiag  tbe  moth,  as  it  has  a  natiiral  dispooitiOD  to  flj  into  tliem.  We  know  of 
WTeral  persona  who  are  now  experimenting  with  dry  Farla  green  sprinkled  npon  tba 
plants  aftec  baTing  been  mixed  with  15  or  30  parts  dry  aahee  or  slacked  lime,  and 
we  hope  to  hear  a  good  report  from  them. 

It  is,  moreover,  an  extremely  significant  &ct,  and  indicative  of  the  au- 
thorship of  this  paragraph,  that  in  Mr.  Stellas  subsequent  writJiiga 
fsee,  for  instance, "  The  Cotton  Caterpillar  and  How  to  Combat  it  Snc- 
cessfuUy,"  Rural  Carolinian,  July,  1874)  he  giTca  the  entire  credit  of 
the  recommendation  to  our  essay  before  tbe  Indianapolis  meeting  in 
May,  1873;  and  it  is  only  recently  that  he  baa  laid  any  claim  whatever 
to  an  earlier  annonncemenL** 

In  the  &11  of  1873  tbe  following  ciicolar,  donbtless  prompted  by  onr 
Indianapolis  address,  was  issued  and  distributed  throughout  the  South 
by  the  Commisfuoner  of  Agricolture: 

pRononox  aoaimst  oottom  iHeacrs. 

The  annnal  losses  of  cotton  from  ravages  of  cotton  Inaecta  amonnt  possibly  to  half 
a  million  bales  In  years  of  iuaeot  preralenoe.  One-fbnrth  of  a  million  bales  weald  be 
deemed  a  light  infliction,  and  yet,  at  |IO0  per  bale,  aneb  a  loss  would  be  egniralent  ta 
(35,000,000.  Tbe  methods  to  be  employed  tor  lessening  their  raTagM  have  been  here- 
tofore canvassed  b;  tbe  Entomologist  of  this  Department.  The  remedy  can  only  ba 
applied  by  the  planterB  themsetvea,  and  their  own  expeiienee  can  beat  render  praotl- 
•able  and  efflolent  the  means  employed. 

Homerone  coirespondeuta  have  of  late  been  ^pwimenting  with  a  miztnie  of  Paiia 
gieen  and  floor  or  plaster,  dnsted  on  the  plants  when  wot  with  dew — a  remedy  which 
has  proved  very  effleient  against  the  Colorado  potato-beetle  and  other  Iniecta.  Some 
report  this  remedy  efi'eotnal  against  the  oottou-caterpillar,  while  others  declare  it  of 
noToIne  whatever;  others,  still,  hesitate  to  try  It  for  fear  of  poisoning.  It  is  of  tho 
ntmoat  importance  that  the  faote  in  the  espnrienoe  of  planters  the  present  season 
■hoold  be  carefully  reported,  showing  the  quality  and  proportions  irf  material  used, 
the  method  and  freqnenoy  of  Its  application,  and  the  observed  results,  that  a  thorough 
teat  may  be  made  of  its  valne  or  worthlessneaa.  The  answer  of  the  following  qaestiona 
it  therefore  requested ; 


.,glc 


38     BEPOBT  *,  UNITED  STATES  BNTOUOLOQICAL  COMMISSION. 

I.  What  1b  the  result  of  yoja  experience  or  otMerratioDB  aa  to  tbe  eSoacy  of  Paria 
green,  or  other  arsenioal  oompoimd*  mixed  with  flonr  or  plaster,  fer  tbe  deetroctioD  of 
tho  cotton-oaterpillar  T 

II.  In  what  proportiona,  and  In  what  mode,  time,  uid  fireqnenor  of  applioatiini  bsTt 
expeiimenta  been  nAde  f 

III.  Hare  any  tqjiuioaa  effecta  of  the  poison  beon  obaerred,  sither  upon  tho  plant* 
or  the  Mil,  or  in  homan  poiaonlngin  its  applioatlon,  or  in  the  dsvtmction  of  beneGcial 
inaeots,  as  beea,  &o.  T 

IT.  Have  yon  nied  any  wthor  remediea,  or  means  of  extirpation,  anch  aa  Area  or 
torches  in  ttw  fields  to  deatioy  the  perieol  moths  on  their  first  appearanoe,  ud  with 
wbat  aneeeast 

Touza,  leapeotfiilly, 

FBED-K  WATTS, 

ConmUtioMtr. 

The  answerfi  to  this  drcnlar,  pnbllBhed  in  the  Department  report  for 
18T3,  showed  that  the  green  was  tried  dnring  the  season  in  seven  States 
and  seventy  connties,  and  that  its  saccess  had  been  almost  anifonn. 

The  same  year  several  patents  vere  taken  oat  for  poisonous  miztoxea 
to  be  used  in  destroying  the  Cotton  Worm,  and  some  of  them  reached 
a  great  sale  for  a  few  years — notably  Preston  &  Kobeira's  "  Texas  Cot- 
ton Worm  Destroyer,"  and  Johnson's  "  Dead  Shot."  Bnt  it  has  become 
generally  understood  that  the  same  ingredients  can  be  nsed  in  slightly 
differing  propOTtions  without  infringing  upon  the  patents,  so  that  at  the 
present  day  the  patents  are  generally  disregarded. 

In  the  Monthly  Beport  of  the  Department  for  Kovember  and  Decem- 
ber, 1872,  Mr.  E.  H.  Derby,  of  Boston,  remarking  upon  the  fact  that  the 
vorm  would  not  eat  jute,  suggested  that  a  belt  of  that  plant  aioand  a 
ootton-fleld  might  keeii  tlie  vorm  away.  A  year  later,  iff  tpe  Monthly 
Beport  for  K'oTember  and  December,  1873,  Mr.  E,  La  Franc,  president 
of  the  Soathem  Bamie  Planting  Association,  detailed  experiments  with 
three  fields,  which  seemed  to  prove  the  practicability  of  the  use  of  jut© 
as  a  preventive.  Subsequent  experiments,  however,  have  failed,  and  it 
is  probable  that  from  this  article  of  Mr.  La  Franc's  have  spread  the 
numerooB  reports  of  the  efficacy  of  jute,  which  are  to  be  found  in  the 
back  files  of  many  Southern  papers. 

Since  1873  most  of  the  advance  in  remedies  has  beenin  the  way  of 
invention  or  improvement  of  machinery  for  the  distribution  of  the  poi- 
sonous mixture  upon  the  plants.  This  machinery  will  be  fully  discussed 
in  the  chapter  on  remedies. 

The  cheap  arsenical  iwison  known  as  London  Pnrple  was  first  expe- 
rimented upon  as  a  Cotton  Wonn  remedy  by  us  during  the  season  of 
1S78,  and  the  favorable  results  which  followed  its  use  indnced  extensive 
ex{)erimentR  the  next  year. 

It  la  hardly  necessary  to  add  that  it  has  grown  into  great  fovor  whei^ 
ever  it  has  been  obtained  pure  and  has  been  judiciously  nsed. 

The  only  remaining  remedy  of  importance — Pyrethrum — was  first 
publicly  recommended  by  the  writer  for  liils  purpose  in  first  edition  of 
this  work,  our  first  experiments  witli  it  upon  the  worms  having  been 
made  during  the  summer  of  1878. 


CHAPTER   IV. 


THE  OOTTON  WOEM  DT  OTHBE  OOtTNTMES. 

AUtia  xytina,  although  widely  spread  in  the  Western  Hemisphere,  haa 
not  yet  been  found,  as  for  aa  ve  are  aware,  in  the  Eastern.  The  cotton 
crop  in  the  Eastern  coontries,  in  Egypt,  Greece,  India,  Australia,  has 
its  insect  enemies :  in  Egypt,  a  Noctuid  larva }  in  Greece,  various  species 
of  Cat-worms;  in  India,  the  Tineid  Boll-worm,  Depreuaria  gossypiella; 
iu  Australia,  a  red  hug  allied  to  the  Dyidercut  tutvrelltu  of  the  West 
Indies ;  but  AUtxaxyVma  has  as  yet  been  found  only  in  North  and  Sondi 
America  and  the  interrening  islands. 

Up  to  the  preeeut  time  the  northernmost  point  at  which  Aletia  has 
been  collected  seems  to  be  Quebec ;  and  as  to  its  soathem  limit,  there 
seems  little  doubt  but  that  it  is  Jbuud  in  Silo  Paulo,  one  of  the  southern 
provinces  of  Brazil.  ItB  western  limit  is  the  Pacific,  althoagh  we  have 
no  iufoiiuatiou  as  to  its  occurreuce  in  California,  even  in  the  cotton 
fields  in  tbe  southern  part  of  the  State.  It  is  found,  however,  upon  the 
coast  further  sooth  at  Mazatlan  and  Mnozauillo,  Mexico,  as  shown  in 
the  fullowiug  extracts  (torn  correspondence  which  we  have  bad  with  th< 
ITnited  States  consuls  at  these  ports,  Aletia  lieing  identified  in  most 
cases  from  specimens  received  : 

COBBDIATS  OF  THZ  UlUTBD  8TATI«, 

MoMaiUn,  Dtcembv  Z,  1B79. 
*  *  '  Tbe  Cotton  Worm,  or  aa  known  hen  by  the  name  of  the  Army  Worm,  the 
Bud  Woim,  and  tbe  Boll  Worm,  are  the  norat  insect  euemiea.  Tbe  regular  Cotton 
"t  Army  Worm  attack*  the  oottMi  plant  every  year,  bnt  abont  once  in  four  years  ia 
Tery  deatroctive.  It  appeua  to  be  depoaihid  by  a  fly  on  the  underside  of  the  lea( 
which  rolla  np,  and  in  a  few  days  tbe  worm,  of  abunt  2  inches,  appears.  During  the 
winter  months  it  diaappeara.  Cotton  was  fiiat  introdneed  Into  this  State,  in  lU(*i,  by 
•n  American,  Ur.  Francis  Nolan ;  It  was  prodnced  from  seed  bronght  from  the  Btate 
orOnerrero.  It  doee  not  grow  wildlu  tbis  State.  The  first  years  but  little  trouble 
WM  Bxiterienced  firam  the  Cotton  Worm ;  but  each  year  they  hare  giren  more  trtinble, 
eqiecially  if  ootton  ia  planted  again  on  the  aame  gronnd.  Tbe  pierailing  direotlott 
of  the  wind  during  the  months  from  March  to  July  is  from  the  east  in  tbe  moruinf, 
and  fiom  tbe  southwest  iu  tlie  aftemoon. — [E.  G.  Kelton,  United  States  ConsnL 

Hahzaiollo,  Hex.,  Dtcemher  28,  18T9. 
Thm  larger  wntrn  or  oatarplUar  (  JsomIi  XfUma)  baa  made  It  appearance  on  this  ooaat 
three  times  dnring  tbe  last  twenty  years,  In  1866,  in  I8T3,  and  again  in  IBTS.  It  ia  a 
dark  green  looking  wonn,  with  white  and  black  linea,  and  destroys  tbe  cotton  plant 
by  deronring  tbe  leaves.  It  ia  as  yet  impossible  for  me  to  find  out  tbe  origin  or  even 
babiti  of  this  worm.  I  hare  investigated  the  supposed  oanses  of  its  appearance,  bat 
without  anooesB ;  the  fiumeis  here  hare  not  tbe  slightest  idea  abont  it.    An  appaient 
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MineldeDoe  between  tba  sppearaitee  of  this  plAgoe  Hid  oreifloodisg  of  livera  In  the 
eotton  ragtona  ahonld  be  mentioned. 

1806,  Septembfli,  higb  floods,  cumplBtelnnDcUtlon  of  cotton  luids.  Febmsiy,  lt)66, 
appeaimnee  of  tbe  osterpIUsr  In  mwll  niunben,  not  Okasing  mnch  dunage. 

IBTit  September,  floode,  partial  innnd»tion  of  cotton  lands,  high  Isndu  and  ridgea  in 
tlw  ralleya  not  flooded.  FebroMj,  1873,  appeanmce  of  the  plague,  and  total  decrtmo- 
tion  of  cotton  plantatlona. 

13r8,  September,  high  flooda,  oompleta  Inundation  of  aotton-gTowingvaUeyB.  1879, 
FebniHT,  partial  plague,  amall  damage  done  bjr  the  caterpillar. 

I  am  ot  tbs  opinion  that  the  vozia  haa  not  been  imported  into  Uexlco,  but  origin- 
ates in  tbe  cotton  Talleys  in  moh  ■eaaoni,wben  the  peculiar  condition  of  the  soil  uid 
BUniat«  oombioe  to  &Tor  the  development  of  the  larva. 

The  cotton  lands  in  this  Ticinity  are  boncded  on  the  W.  by  the  Pacific  Ocean,  on 
the  E.  by  high  mountains,  la  Sierra  Madre,  on  the  N.  and  S.  by  dense  woods  and  tra«ti 
of  nnealtiTat«d  lands.  These  clroumetanoea  present  a  great  many  obstacles  to  the 
iight  of  the  Cotton  Hoth.  The  nearest  cotton  plantations,  as  well  to  northward  aa  to 
southward,  are  at  a  distance  fhim  Mansanillo  of  at  least  100  miles. 

Cotton  has  been  grown  in  the  State  of  Colima  for  the  last  fifty  years.  It  does  not 
grow  wild,  bat  If  abandoned,  some  plants  gro:*  np  to  good  siied  trees,  bearing  &ait 
legnlaily  erery  year. 

The  directions  of  prevaiUng  winds  on  this  coast  are  the  following,  vii: 

Janoary,  8.aodW.;  Febmary,  W.  and  N.  W.;  March,  W.  and  N.  W.;  April,  N.W.; 
Kay,  N.W.;  June,  8.  andN.W.;  July,  S. and  W.;  Angust,  8.  andW.;  September,  8. 
and  W.;-Ootober,  8.  and  W.;  Norember,  8.  and  W.;  December,  8.  and  W. 

Tbe  north  and  northwest  windu  blow  generally  during  the  day.  At  night  theaa 
winds  change  to  the  north  and  northeast. 

I  glTe  the  prerailing  winds  for  the  whole  year,  as  onr  planting  and  picking  seasona 
]ia»  are  different  from  those  in  the  United  States.— [A agnstus  MonlU,  United  Btatei 
ConmL 

Oa  the  Onlf  coast  of  Mexico  Aletia  is  also  foetid.  The  following  ao- 
OOQnt  of  its  work  in  the  consalar  distaict  of  Vera  Oruz  is  from  the  Atngr- 
iean  jEiOomologiit,  Vol.  HI,  p.  179  (Jnl;,  1880): 

iKTBRumo  CoTTOit  WoRM  NoTBB  FROM  Tkba  Crcz,  Ubxico.— In  tUs  coosular 
district  about  8,000,000  lbs.  are  produced.  The  peculiarities  of  culture  are  striking. 
Hie  gronnd  is  prepared  by  lemoring  rubbish,  and  then  the  seed  is  planted  by  insert- 
ing a  sharp  stick  in  the  ground  at  oonvenient  intervals ;  into  tbe  holes  thna  made  tbe 
seed  Is  depoaltsd  and  covered  by  the  foot.  No  plows  are  used  in  this  preparation  for 
the  seed,  nor  are  they  often  used  in  the  subsequent  stages  of  onltivation.  They  pnU 
out  the  larger  weeds  or  nse  the  hoe,  confining  their  labor  to  little  more  than  suob. 
It  la  dear  tma  that  kind  of  cnllure  that  the  cotton  plant  must  be  forced  Into  much 
bad  oMBpaay,  and  bo  assaulted  with  destructive  enemies.  After  extensive  inqafries 
I  find  no  one  scientifically  informed  on  the  fbll  habits  of  these  enemies. 

It  Is  ahotly  disputed  point  as  to  what  becomes  of  the  worm  daring  the  "  six  or  eight 
jean"  wheQlt  doea  not  appear,  and  no  one  In  myoircuit  of  aeqnaintance  gives  ma 
anything  better  than  a  saperstmon  for  a  solution  of  the  problem.  Onr  climate,  never 
giving  na  frost,  scarcely  affects  the  ccmstant  germinal  qualities  of  plants  or  the  enemies 
thereof,  and  it  has  been  asserted  to  me  that  at  one  place  or  another  the  Cotton  Wona 
ean  always  be  foand.  However,  the  difficulty  I  hare  experienced  in  obtaining  the 
IS  sent,  induce  me  to  doubt  the  carrectmesa  of  that  assertion. 


Ths  worm  has  been  hero  aa  long  as  cotton  haa  been  cnltlTat«d  by  the  Hexioana. 

We  have  historioal  accounts  that  cotton  was  grown  and  ntillsed  since  the  twelfth 

oBntnry,  but  have  no  data  that  It  was  or  was  not  naturally  indigenoua.    Bat  if  said 
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iUarj  ba  ralJAhle  it  is  Mr  to  presmne  thAt  it  wm  Indigsnoiu,  beoMiue  Our*  is  no 
kBOwkdga  of  eommeroutl  lelktiona  with  foreign  ooontriea  At  that  period- 

The  wiods  h«ce  ue  «a8teily  and  •ontheaaterly. — B.  T.  Tnnvbridge,  n.  8.  Cononl, 
Ten  Cnu,  Uexioo,  March  3,  1880. 

I  Mud  you  a  Irattle  containing  Ttuioiu  kinds  of  vorma  that  deatroy  Qio  ootton  and 
plant.  They  an  all  1  have  been  ahlo  to  ptootiM.  Thiaisnow  thepart  of  the  year  In 
which  the  wanna  niiUL]  ly  avpcar,and  they  hare  been  gatberad  near  San  Andrea  Tax  tlfl, 
tn  the  Bonlhem  ooaet  iiom  bora. 

On  the  eoaat  they  are  called  palomM  (moth)  or  MiMiilla  (ohryaalia  or  auelis).  Said 
paloma  is  aah-oolor,  and  is  noctnrnal  In  itt  babits.  The  moth  prodnoea  a  moltitnde 
of  ntieroBoopio  eggs  on  the  plant,  which  eggs  oteal«  the  worm,  also  microacopic,  and 
which  eommencee  immediately  to  devonr  the  plant,  and  ao  oontinaee  nntll  it  gelfl  to 
the  state  of  enrolment,  in  order  to  pass  thioagh  the  last  metamorphosia.  I  have  not 
bean  able  to  obtain  snfflcient  data  to  eay  whether  they  were  Imported  Into  this  conn- 
by,  hot  I  am  aaBored  that  tbey  do  not  make  their  appearance  everj  year  at  the  aam* 
place,  or,  bett«r  said,  they  only  come  one  or  two  yean  in  SDOoeaeion,  then  disappear 
tor  fix  or  eight  yean.  Tbey  are  not  to  be  found  in  all  theoonutryatonetlme.  Tbrir 
reprodnotion  is  naaally  ascribed  to  onr  eonthem  eoaat. 

I  nndersland  their  invasion  oan  be  Tiotorionsly  oombatefl  by  aprlnUIng  dry  chlorid* 
«f  lime  orer  the  ground  and  plants,  or  an  aqneona  aolntlon  of  the  same,  and  I  have 
neommended  this  remedy  to  those  living  os  the  eoaat  for  a  trial. — B.  de  Zayas  £nri- 
qoea.  Ten  Cnu,  Uaioh  3, 1B80. 

[The  woRDB  sent  by  Se&or  Enriqnei  are  the  genuine  Aletla  of  all  Bizes,  bat  mostly 
fkdl'grown.  The  facts  commnnleat^d  in  the  above  reports  are  most  interesting,  not 
DBly  <m  aceonnt  of  the  remote  period  to  whioh  the  growth  of  cotton  may  be  traoed 
on  this  eoDtinent,  bat  also  becanae  of  the  general  obserrations  as  to  the  reooonrrenoe 
of  the  Inaeot  in  iqjnriooB  namben  at  irregnlor  periods  only.  In  other  words,  the  in- 
•eot  prcaenta  the  same  phenomena  in  Mexico  as  in  this  country,  and  the  same  facts 
npcm  whioh  the  tliec^  of  annoal  immigration  to  the  United  Stat«e  have  been  largely 
based  will  hold  eqnally  tme  of  a  oountiy  eBsentially  below  the  frost  line.  This  aU 
goes  to  prove  the  eorreetneaa  of  onr  e«HioliudoaH  tiiat  the  absence  of  Aletla  during  oer-  ' 
tain  yaata  ia  apparent  only,  and  that  its  nndoe  mnltiplioation  during  other  years  la 
panUleled  by  similar  pheoomena  in  respect  of  many  other  inseola,  and  notably  of  the 
Noithem  Army  Worm,  the  apparently  sudden  appearance  and  disappearance  of  whioh 
o*«r  vast  re^ona  ia  even  more  marked  tlian  in  the  ease  of  Aletia.  Yet,  as  we  have 
ahown  in  the  ease  of  both  these  insects,  they  may  always  be  found  in  limited  nnmben 
ovHi  when  Uieir  presence  is  not  enapeeted.] 

Tbe  following  notes  on  tlie  appearance  of  the  worms  In  Yncatan,  we 
extract  from  oar  correBpondence: 

DsiTXD  States  CoHS{n.ATE  at  VjaanA, 

JWjw«*w  22, 1879. 

nte  onltnre  of  cotton  is  very  slight  here.  It  is  oultivated  only  in  the  aouthom  part 
of  this  eity,  and  in  very  small  qnuitity;  It  grows  to  the  height  of  12  feet.  No  other 
liisiii  I  enemies  aie known  but  the  worm,  and  this  worm  la  exactly  aa  described ;  that 
ia,  agreco  womwith  white  lines  and  black  dote.  This  worm  is  alwaysonthe  cotton 
Isa^  and  there  is  no  donbt  that  eating  the  leaf  It  kills  the  plant.  It  does  not  toaoh 
tho  Ixdl,  aa  it  remalna  always  on  the  leaf.     If  poaaible  I  will  send  speolmens. 

Cotton  hasbefln  growing  here  for  more  than  sixteen  yean  and  grows  wlld,bnt  it  ia 
inteiar  to  ^le  enltivated  plant.  The  prevailing  direotlmi  of  winds  during  March, 
April,  June,  and  July  ia  generally  sontheast. — [M.  Ceballos,  U.  8.  yioe-ConsnL 
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Paafdng  over  to  tlie  West  Indies,  ve  tind  that  the  caterpillar  vas  de- 
Btmctive  to  cotton  in  the  Bahamas  from  the  earliest  cnltivation  of  the 
plant.  In  1788  we  are  told  by  variotis  narratora  that  280  tons  of  cotton 
voce  destroyed.  In  1791  two-thirds  of  the  crop  on  Acklin's  Island  was 
lost.  From  this  time  np  to  the  emancipation  of  the  slaves,  in  1834,  the 
worms  were  injurioDS  every  year,  bnt  at  this  time  the  cultivation  of  the 
crop  ceased  ontU  the  octbreak  of  the  civil  war  in  the  United  States, 
when  it  was  again  begnn,  only  to  cease  at  the  close  of  the  straggle. 
According  to  the  inhabitants,  the  Cotton  Worm  has  not  been  seen  since 
a  great  hnrricane  which  visited  the  islands  in  1866,  and  Mr.  Schwarz,  in 
tiie  spring  of  1870,  was  unable  to  find  a  trace  of  it  in  any  stage. 

In  Ooba  the  coltivation  of  cotton  ceased  some  ilfty  years  ago,  and 
Mr.  J.  P.  Qnarch4,  United  Btatea  consul  at  Matanzas,  wrote  the  Depart- 
ment, in  1866,  giving  as  the  reason  the  superior  profits  of  sugar  cane 
and  tobacco,  and  the  fact  that  "the  soil  generates  a  worm  which 
attacks  the  cotton  plant  and  destroys  the  greater  part  of  the  crop  almost 
every  year.  This  worm  is  said  to  infest  the  plantations  of  our  Southern 
States,  but  its  ravages  there  are  represented  to  be  triSing  in  comparison 
with  what  they  are  here." 

In  Santo  Domingo,  Porto  Bico,  Trinidad,  Barbnda,  and  Gaadalonpe, 
the  Cotton  Worm  has  probably  always  been  present,  but  we  have  no 
absolute  information  beyond  the  fact  that  in  the  British  Museum  Oata- 
logueof  Lepidoptera,  Fart  Xin,  p.  989,  fonr  specimens  of  Aiiomi*  grandi- 
puneta  (synonym  of  AleUa  xylina)  are  entered  fh>m  Santo  Domingo. 

In  Martiniqae  it  exists  withoat  mncb  donbt,  as  appears  from  Uie  fyl' 
lowing: 

UMmcD  Statxs  Cokscu.tk, 
MarHn{q»e,  W.  I.,  Deombtr  11, 1879. 

Cotton  ia  not  miltlTfttcd  to  ray  extent  In  tbrtiniqao.  Tbere  is  not »  cotton  plantft- 
tlon  npon  the  Island ;  there  are  only  a  few  traces  here  and  there,  and  these  grow  wiU. 
upon  the  Mnthem  part  of  the  island.  The  worst  insect  enemy  is  a  green-lookisf 
worm  with  white  pointaon  either  aide.  J  am  told  that  this  worm  lias  been  here  sine* 
flie  fini  onltivation  of  cotton  npon  the  island.  The  prevailing  direotion  of  the  wind 
dnring  the  roonttie  of  March,  April,  Jnne,  and  Jnly  is  east-northeast.— [.W.  H.  Oar- 
field,  United  States  Consul 

Cotton  was  formerly  one  ef  the  staple  crops  of  this  island,  and  Mr. 
Groto  in  his  report  to  na  states  that  ho  was  informed  by  the  Hon.  Itob- 
ert  Toombs  that  in  1801-''02  there  was  an  emigration  of  French  cotton 
planters  from  Martinique  to  Georgia  on  account  of  the  ravages  of  the 
Cotton  Worm. 

In  the  northern  countries  of  South  America  Aletia  is  abnndant  with- 
oat doubt.    The  British  Museum  {loa,  dt.)  possesses  8]>ecimen8  firom 
Venezuela,  and  the  following  note  from  Maracoibo  refers  to  this  species : 
Unitbd  Statxs  ComiaRcuiL  Aaufcr, 
Maraeaibo,  Fenetuela,  February  18, 1860. 
*    ■    ■    The  worst  enemy  of  the  cotton  plant  is  the  caterpillar.    There  aie  two 
distinct  kinds.    One  Is  green  and  rather  small,  and  the  other  kind  has  a  green  belly 
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and  yellowiBh  bkdk  with  bTwwn  itripaa.  •  •  *  The  mterptllATv  generally  appear 
In  the  qiring-time  ,*  th«t  la  to  a»j,  la  Febnut;  and  liarch,  Mid  »t  tunea  In  anoh  qnan- 
titiea  tb»t  they  Baooeed  In  devtroylng  whole  plsntatiaiw  of  ootbon.  11,  howerer, 
the  ttdnj  HHOiu  eODtinno  «  ahort  time  beyond  theii  tinUl  period,  they  ere  almoet 
all  deatroyed  by  the  imhia. 

These  eaterplllAn  have  been  known  ever  ainee  the  fiiat  time  that  oottoa  wm  nlaed 
here,  aud,Bo£uMjo«ngftther&ominformAtioQreoeived,  ueindigenonatotheeom- 
ti7  and  In  noway  Imported  frmelaewbem.  ■  •  •  The  winds  that  prersll  In  that 
part  of  th*  ooontix  ate  nottb-northeaat  and  aoothrmntbeMt.— [E.  H.  Plnmaeher,  Com- 
mercial Afent. 

The  Bmaller  caterpillar  lefened  to  is  Aletia,  and  the  larger  one  a 
large  sphingid  larva. 

In  British  Goiana  the  Cotton  Worm  was  in  former  yeare  Teiy  abon- 
dant  and  destractiTe.  Dr.  Chisholm*  has  given  a  long  accoont  of  its 
method  of  work  and  the  remediea,  which  is  qnoted  freely  in  the  Beport 
of  the  Department  of  Agricoltare  on  Cotton  Insecte,  1870  (pp.  72,  73). 
Dr.  Ure  (1835)  also  states  that  the  CheniUe  is  the  most  destractiTe 
enemy  to  the  cotton  crop  in  British  Qniana. 

Id  Dutch  Qniana  the  Cotton  Worm  b^s  always  been  destniotlve,  and 
Mr.  F.  W,  Cragin,  United  States  Consul  at  Paramaribo,  writing  to  the 
Department  of  Agricnltnre,  in  1856,  identifies  the  destmctiTe  insect 
with  Noetua  ceglina  Say. 

In  Brazil,  A.  zylina  has  been  fonnd  at  varions  points.  Our  most  trast- 
Torthy  Information  is  contained  in  the  report  of  Mr.  John  O.  Branna 
(Appendix  V).  Messrs.  Branner  and  Eoebele,  as  shown  in  this  re- 
port, reared  this  species  from  the  larva  at  Bahia  and  at  Bonito  (Pror> 
ince  of  Pemambnco).  In  the  British  Mnsenm  list  previously  cited,  A. 
frandipututa  is  given  fhim  Santarem  (Pnjvince  of  Para).  The  follow- 
ing concerning  the  Cotton  Worms  at  Bahia  is  fh>m  the  AmeHeam  StUo- 
moJogist,  Vol.  Ill,  pp.  128, 129  (May,  1880). 

C0TTO>  OULTDU  AXt>  TBI  IMflXCn  AnsOTINO  THK  VLUn  AT  aAEU.  MUMIL. 

Cotton  Ib  not  grown  at  preaent  to  any  Mnalderable  extent  in  thia  prorinoe,  and  haa 
eeaaed  to  be  an  article  of  eiportation.  The  onltlTation  la  ■imple  in  the  extreme,  re- 
qniilug  little  oare  or  attentloa,  bat  owing  to  the  diiitaaoe  from  this  part  of  the  eotton. 
pndaoing  dlatriota,  the  caitiTation  haa  long  ainoe  oe  aaed  to  be  lemnneratiTei 

The  inieot  enemiea  of  the  cotton-plant  which  partionlarly  attack  it,  oonaist  of  two 
apeciea  of  motha,  vhleb  In  the  formofwoimsor  caterpillaia  prey  npon  ita  leareaand 
Btalk  as  alao  the  cotton  pod  ilaelf.  It  la  also  attacked  by  a  pecaliar  apeeiee  of  bng,  a 
apeclmen  of  which  la  forwarded,  andby  the  graaahoppen,  which  commit  gic«ti»n(M 
CD  the  foliage  and  the  t«nder  atalks. 

The  "  Cotton  Worm  '  aa  described  by  Frofeaaor  Elley  isaomewhat  different  from  tb« 
worm  fonnd  in  thia  pTovince,  differing  In  oolor  and  other  reepecta,  hut  It  Is  no  donht 
of  very  similar  character. 

The  ravage  committed  hy  them  is  greater  in  the  dry  or  aummer  mootha,  aay  Sop^ 
teuber,  October,  Norember,  and  December. 

This  Cotton  Worm  ia  heliered  to  have  been  alway^n  the  country,  and  not  Imported. 

Cotton  boa  been  Riown  in  this  part  of  Bndl  for  M  long  a  time  aa  any  other  piadii»- 
tion,  and  it  la  alao  Amnd  growing  wild. 

*  BnwsMr'i  Sdlobdigh  Biwydlapsdlai  Aitlels  OolteB. 
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The  pravailiDg  direotion  of  the  wind  daring  tba  months  of  Uurcli,  April,  Jane,  and 
July  is  easterly,  Tuying  from  N.  E.  to  S.  E.— Riehaid  A.  £dea,  U.  8.  Consul,  B«hU, 
BnuU. 

Une  of  thel  caterpillars  referred  to  by  Mr.  Edes  le  the  larva  of  a  species 
Tei7  near  and  perhaps  identical  with  Aletia  argilttieea  HUbn.,  as  proven 
botli  by  specimens  received  from  him  and  others  collected  and  bred  by 
Messrs.  Branner  and  Koebele,  while  the  other  is  nndonbtedly  Aletia 


From  Penuunbaoo  ve  have  had  the  following  excellent  aceoont: 

UmrcD  STATsg  Coiwui^tk, 

Pemantiueo,  Jfordk  iW,  1880. 

*  ■  *  The  Ibea  most  fotal  to  the  cotton  plant  are  the  dUTeTent  kinds  of  catBr- 
pUlan,  whiob  in  some  years  inoreaae  to  a  frightful  extent,  destiaying  entirely  tlw 
(xopand  thepaatnrage;  the  absence  of  rain,  and  "the  blight."    ■    •    • 

The  Cotton  Worm  or  caterpillar,  Jiii>iiiltzyl{iui,particntarly  described  in  yonr  letter, 
attacks  the  plant  in  these  prorinces.  It  appears  Kimnltaneously  with  the  other 
varietiea  at  the  beginning  of  the  rainy  season,  and  never  alone.  It  comee  and  disap- 
pears with  the  rain. 

So  br  aa  ean  be  ascertained  tcota  olMerration,  the  Anoniit  xglitut  is  belicTcd  to  b« 
a  natiTC  of  tlw  eonntcy.  During  aonie  entire  yeara  it  Is  extremely  Tare  to  see  a  oatot- 
pllUr,  whatlMk  there  be  ana  <a  laio,  wet  or  dry  weather.  Sume  TOrieties,  howeTer, 
seem  ooaeeqnent  npon  the  action  of  the  aoa,  and  others  npon  the  action  of  the  lain, 
appeariog  and  disappearing  as  if  by  enchantment. — Andrew  Cone,  V.  B.  ConsoL 

In  the  more  sonthem  provinces  of  Brazil  there  is  also  a  destructive 
Cotton  Worm,  bat  its  identity  with  Aletia  has  not  been  established. 
The  following  paragraph  from  the  report  which  Prof.  J.  E.  Willet  made 
to  OS  in  1878  refers  to  the  work  of  this  worm: 

Dr.  £.  L.  Uclntyre,  of  ThomuTille,  Ga.,  writes:  "I  settled  in  tbeproTinoe  of  Sao 
Paolo,  Braiil,  in  the  year  IB66,  and  remained  there  eight  years  and  a  half.  The  enl- 
tiration  of  cotton  was  of  recent  date  then,  and  the;  were  planting  their  fonrth  crop 
when  I  arrived.  Prior  to  the  year  1863  there  hod  lieen  some  cotton  planted  in  tha 
oonntry,  perhaps  of  an  indigenous  variety,  bnt  no  one  hod  ever  observed  a  Cotton 
Worm,  and  I  believe  they  bad  never  existed  there.  In  1663  the  price  of  cotton  offer- 
ing gnat  indaoements  to  BrsElUan  fanners,  they  songht  to  procnre  seeds,  but  none 
eonld  be  had,  and  I  am  informed  the  seed  then  b^ing  need  was  brought  &om  New 
Orleans.  The  first  year  no  catetpillan  were  seen,  but  after  the  second  they  e<»n- 
inaneed  to  eat  the  leaves,  and  had  increased  to  snoh  an  extent  that  when  I  moved 
ftmn  there  the  onltlTatlon  of  cotton  was  nearly  abandoned." 
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CHAPTER  V. 


ON  THE  ANATOMY  OP  ALETIA, 

Bt  Chaiu:b8  Bbdowick  Minot  ihd  Edwiad  Bdsobm. 
[Plate*  VI-XI.] 

The  following  cbapter  was  prepared  at  the  request  of  Professor  Biley, 
to  wboee  bindsess  ve  are  indebted  for  tbe  material  apon  wfaich  onr 
obBervations  have  been  made.  Several  untoward  circmnetanceB  have 
contributed  to  interfere  with  tbe  progress  of  the  investigation.  The 
work  was  begun  by. Dr.  Minot,  who  was  SQbseqaently  joined  by  Mr. 
BorgesSf  in  the  hope  that  our  joint  labors  woald  prove  more  efficient. 
Nevertheless  we  find  it  necessary  to  leave  varions  points  undecided. 
Tbis  incompleteness  Is  partly  due  to  the  unavoidable  imperfection  of 
preserved  specimens,*  and  p  wtly  to  the  scanty  light  yet  thrown  on  insect 
anatomy  and  physiology. 

ANATOUT  OF  THE  LABTA. 

The  external  anatomy  of  the  larva  need  not  be  again  described  in 
this  chapt^.  There  are  only  a  few  points  to  be  noted  in  regard  to  the 
legs,  tbe  previous  deHcriptions  of  which  are  somewhat  incomplete.  Tbe 
true  legs,  Plate  VI,  Fig.  4,  are  conical,  three-jointed,  and  provided  with 
a  terminal  book,  Fig.  6,  which  is  curved  toward  the  median  line  of  the 
body,  and  has  at  its  base  a  thick  swelling,  usaally  described  as  a  fleshy 
pad;  the  adjective  fleshy  is  hnrdly  appropriate,  as  the  pad  te  TOvered 
by  a  well-developed,  bard  crust.  There  are  two  hairs  on  the  first  joint, 
tbe  lower  being  much  the  slenderer.  There  are  four  hairs  ou  the  lower 
part  of  the  second  joint,  two  on  the  inner  edge  rather  stout  and  curv- 
ing, and  one  flue  one  just  below  them,  and  a  long  one  in  ftont.  Ou  the 
last  joint  again  are  four  hairs,  all  near  the  terminal  claw,  namely,  a 
small  one  in  fh>ot,  a  thick,  curving  one  on  the  side,  another  thick,  curv- 
ing one  just  above  the  pad  of  the  claw,  and  immediately  above  tbia  the 
fourth  hair,  which  is  shaped  something  like  an  Indian  club,  and  is  ap- 
parently somewhat  flattened.  The  coastancy  of  form  and  disposition 
of  these  hairs  lead  as  to  think  that  their  arrangement  mast  be  of  some 
importance,  therefore  we  have  given  this  detailed  description. 
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Tlie  false  feet  or  prolegs,  Plate  YI,  Fig.  2,  of  vhicli  there  are  five  pi^rs, 
the  first  pair  considerably  smaller  thao  any  of  the  others,  as  is  well 
known,  diJB'er  entirely  from  the  tme,  anterior  or  permanent  legs.  They 
ue  thicker,  (^lindrical,  and  one-jointed ;  thej-  have  a  few  Itmg  hairs,  and 
are  armed  with  a  row  of  a  dozen  and  a  half  curred  hooks.  The  hooka 
torn  towards  the  median  line  of  the  body ;  they  diminish  in  size  from  the 
oenter  of  the  row  towards  eaoh  end.  Each  hoot  tonsists  of  a  more 
c^Undrical,  large  basal  portion,  which  appears  to  be  chiefly  imbedded 
in  .the  flesh  of  the  foot,  and  a  recurved  hook  proper,  Plate  I,  Fig.  3, 
which  has  a  very  thick  caticola.  There  is  also  a  pigmented  pad,  which 
lies  over  the  base  of  eaoh  hook  on  the  inside  of  the  foot  We  coold  find 
no  certain  evidence  of  a  second  row  of  hooks  such  as  have  been  de- 
scribed in  many  caterpillars,  though  poa|ibly  there  are  vKty  small  claws 
on  the  pigmented  pads  above  described. 

The  markings,  colored  stripes  and  dots,  that  decorate  the  lurva,  aia 
produced  by  various  means,  partly  by  deposits  in  the  matrix  of  the 
tffnst  (epidermal  cells),  partly  by  colors  of  the  crust  itself  The  dark- 
brown  color  belongs  to  the  crust,  and  i»  jteculiarly  distributed  in  a  man- 
ner that  has  not,  so  fer  as  we  are  aware,  been  described  hitherto.  Upon 
the  ontside  of  the  cmst  is  a  very  thin  but  distinct  layer,  which  in  cer- 
tain parte  rises  ap  into  a  great  number  of  miunt«f  pointed  spines  that 
look  like  so  many  dots  in  a  snrlhce  view,  Plate  YI,  Fig,  8.  Each  spine  is 
pigmented  diffusely,  and  together  they  produce  the  brown  markings. 
The  spines  are  clustered  iu  little  groups,  one  group  over  each  underly- 
ing matrix,  or  epidermal  cell. 

The  stigmata  of  the  larvn  are  small  vertical  fissures  on  the  sides  of 
the  segments.  The  first,  fonrtli,  and  subsequent  segments  have  each  a 
pair,  making  nine  in  allj  there  are  none  on  the  second  and  third  rings. 
Viewed  &om  the  surface  they  are  seen  to  be  provided  with  an  anterior 
Up,  which  is  simple,  and  a  posterior  lip,  which  bears  a  prqjecting  lever. 
Both  these  lie  quite  deep  down  and  serve  to  close  the  trachea.  Above 
each  lip  are  several  rows  of  hairs  that  are  short,  branching,  and  spiae- 
like.  Tbe  stigmata  form  the  subject  of  a  recent  excellent  memoir  by 
Oskar  Krancher,*  a  pnpil  of  ICndolph  Zjeuckart,  the  distingoisbed  pro- 
fessor of  zoology  at  Leipzig.  On  pages  51^-546  of  this  essay  the  stig- 
mata of  caterpillars  are  fully  described.  According  to  Krancher,  the 
lever -bearing,  or  posterior,  lip  is  more  developed  than  the  anterior. 
(The  former  was  named  by  Landois  the  VertehliuBbuffel,  the  latter  tlie 
Vtnohlvtibond  ;  but  these  names  are  not  specially  appropriate,  and  we 
prefer  to  nse  anterior  and  posterior  Up  instead.)  The  lever  arises  from 
the  upper  end  of  the  posterior  Jip.  In  most  of  the  diurnal  lepidoptera 
it  is  a  simple  chitinons  rod,  but  in  some  of  the  Bombycidte  it  is  more 
compUcated.  Attached  to  the  lever  is  adoublo  muscle;  one  part,  run- 
ning to  the  lower  end  of  the  lever-bearing  lip,  serves  to  approximate 
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the  two  lips,  and  bo  close  the  opening  between  them ;  the  other  |>art  is 

attached  to  the  neighboriog  epidermis,  and  Berrea  to  open  the  lips. 

Only  this  latter  division  of  the  mnscle,  which  is  considerably  the  larger, 

iras  described  by  Landois.* 

The  intomal  anatomy  of  the  larva  agrees  closely  with  the  lepidopte- 
Tons  type,  as  established  by  previous  observers.  In  the  head,  Plate  VU, 
Fig.  1,  the  digestive  canal  begins  with  the  large  mouth  m,  lined  by  a 
dark,  firm  cnticnla  and  passing  over  into  the  narrow  muscular  (Esopbt^ 
gns,  0«,  Behind  the  month  is  a  pntjectiug  pointed  process  at  the  tip 
of  which  opens  the  salivary  dnct.  Above  and  in  front  of  the  month 
there  is  a  distinct  mass  of  tissne,  of  a  flbroos,  areolar  oharaeter,  spread- 
ing ont  fan-like  from  the  npper  wall  of  the  (Bsopbagos  and  attached 
in  front  to  the  lower  part  of  the  clypens  and  to  an  endocranial  |»o- 
oess.  In  this  mass  of  tiasne  lies  the  small  frontal  ganglion.  Above  the 
oMopliagns  is  the  brain,  br;  below  it  the  sabcesopbageal  ganglion  Sj 
oonnected  by  a  short  commissare  with  the  first  ganglion  of  the  ventral 
ohain. 

The  rest  of  the  internal  anatomy  is  illnstrated  by  Fig.  1,  Plate  YI.  In 
the  first  (thoracic)  segment  the  cesophagns  expands  into  the  enormous 
Btomach  St.,  which  runs  throngh  eight  segments,  and  is  by  iar  the  larg- 
est and  most  couspicnoos  organ  of  the  body.  From  iu  front  backwards 
it  gradually  widens,  but  posteriorly  it  is  rounded  oil.  Into  the  hinder 
end  open  the  malpighian  or  urinary  vessels  m.  e.,  nix  in  number,  three 
on  each  side  uniting  together  and  opening  by  a  short  duct.  The  sali- 
vary glands  lie  npou  each  side  of  the  stomach,  having  long  dnots 
which  reach  through  the  anterior  three  segments  of  the  body.  The 
gland  proper,  Sal.,  is  an  elongated  tabe,  gradually  diminishing  in  diam- 
eter towards  its  posterior  end  or  tip;  its  course  is  curious;  it  runs  some 
distance  straight  backwards,  then  makes  a  sharp  angle  over  the  second 
proleg  and  runs  forwards  and  upwards,  then  another  sharp  crook  over 
the  first  proleg  and  it  contiunea  backwards  again  anii  slightly  uiiward^. 
Behind  the  stomach  the  intestinal  canal  consists  of  four  parts:  first  a 
short,  constricted  connecting  piece;  second  a  dilate,  oval  division,  Jn.; 
third  the  short  rectum  E. ;  fourth  the  short  anal  tube.  The  dorstd  ves- 
sel or  heart,  d.  v.,  is  a  long  tube  placed  above  the  digestive  canal,  and 
extending  throngh  nearly  the  entire  length  of  the  body.  The  ventral 
chain  of  ganglia  numbers  eleven  distinct  knots,  the  last  being  however 
evidently  double.  The  first  ventral  ganglion  is  the  snboesoptiageal; 
the  second  lies  so  near  it  as  to  be  almost  united  with  it.  The  others  lie 
at  regular  intervals,  until  the  tenth,  which  is  pushed  a  little  forward  of 
its  original  {Kuiition  over  the  fourth  proleg.  The  eleventh  double  gan- 
glion lies  close  to  the  tenth  and  gives  off  a  large  number  of  nerves, 
most  of  which  run  backwards. 
The  large  stomach  alone  represents  the  entodennic  canal,  and  presents 
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the  same  esaeDtaal  peonliarities  of  minate  straotoro  aa  were  deacri1>ed 
by  UiDOt*  in  the  orUtoptera.  The  lining  epithelium  is  thiowu  up  into 
folds  so  as  to  form  imperfecti;  differentiated  glandular  follicles.  If  the 
epithelinm  be  brushed  off,  the  oharaoteristio  arrangement  of  the  mns- 
oolar  fibers  can  be  seen,  Plate  YI,  Fig.  7.  There  is  an  internal  ooat,  oom- 
posed  of  a  great  number  of  pale  fibers  running  transTeisely  aronod 
the  stomach  and  more  or  less  parallel  to  one  another.  Outside  are  the 
longitudinal  striped  muscles,  which  are  distributed  in  single  bundles, 
1 1,  and  do  not  form  a  continuous  layer.  Each  bundle  is  oompoaed  of 
a  number  of  fibers  and  pursues  its  own  coarse ;  the  bandies  are  not 
parallel,  but  sometimes  two  bundles  unite,  or  are  connected  l^  a  third; 
thdr  general  trend  is  longitudinal.  Finally  it  most  be  mentioned 
that  nnmerons  tracheal  branches  penetrate  the  mnscnlar  layers,  and 
nuni^  throogb  both  them  and  the  connectiTe  tissue. 

BXTEBNAIi  ANATOUT  OP  THE  TMAGO. 

To  prepare  the  external  skeleton  for  examinatioD  the  following  method 
is  satisfia^story  and  coprenient.  The  whole  insect;  either  in  the  ftesh 
state  or  after  preservation  in  alcohol,  is  placed  In  a  test  tube  with  a  solu- 
tion of  caustic  potash  and  carefully  boiled  over  a  flame  for  a  conple  of 
minutes.  The  Bpeoimeo  is  then  thoroughly  washed  with  water,  to  which 
a  little  acetic  acid  or  vinegar  ia  added  to  neutralize  the  alkali.  The 
specimen  while  in  this  state  may  be  bmshed  with  a  camePs-hair  pencil, 
and  most  of  the  scales  removed.  It  is  best  to  put  it  next,  for  tweuty- 
fbnr  hours,  in  strong  alcohol  and  to  then  complete  the  bmshlng  upon 
the  hardened  object.  With  a  little  care  and  patience  all  the  hairs  and 
scales  can  be  removed  without  injuring  the  crust. 

A  view  of  the  exoskeleton  of  the  female  is  given  on  Plate  Vin,  Fig.  L 
We  shall  follow  Mr.  Burgess'  memoir  upon  the  Milkweed  Butterfly,!  as 
to  the  homologies  and  nomenclature  of  the  parte.  The  head  is  mon 
triangnlar  in  outline,  when  seen  from  the  side,  than  in  Danais,  and  the 
eyes,^,  are  relatively  smaller.  The  palpi  and  maxilbe  are  very  similar 
to  those  of  the  bnttwrfly.  The  antennte,  a,  are  thicker  and  the  enlarge- 
ment of  the  two  basal  joints  is  quite  marked.  The  thorax  is  large  and 
compact  The  first  segment  (I)  is  small,  the  second  (11)  by  far  the 
largest  of  the  three.  The  prothorax  is  connected  with  the  head  by  a 
narrow  neck,  which  is  perhaps  really  the  anterior  portion  of  the  first 
thomcio  segment.  This  point  is  better  shown  in  a  view  of  the  uaderside, 
Plate  IX,  Fig.  1.  The  Oont  legs  are  there  removed ;  the  insertion  of 
coxee  into  the  thorax  is  shown  at  H ;  just  in  front  of  this  insertion  la  a 
thickened  ring  of  hard  crust ;  farther  forwards  the  integument  is  mem- 
branoua,  and  the  prothorax  proper  becomes  directly  continnons  with 

'UnolC.S.  HMDlgg7oftheIaotiM(Oilopl<ma);aiidtheori(iketUn«Anu):Ch*pt«rX,lDS«Ba^ 
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the  neek.  So,  too,  a  median  aection  sbovs  tliat  tbe  neck  sod  protboras 
ue  really  one,  Plate  Ym,  Fig.  3.  Two  pondiilonsIobe8«i,  Fig.  1,  Plate 
Tin,  project  from  the  npper  side  of  the  prothorax,  which  appear  to 
helong  to  the  Bcntam,  bat  their  real  homologies  are  not  yet  determined 
with  certainty.  They  are  coDBtrioted  aroand  their  bases,  bo  as  to  he 
qoite  movable.  Upon  the  sides,  jnst  behind  and  below  them,  lies  the 
first  spiracle,  tp^.  Below  tbe  spiracle  are  two  pieces  of  elongated  shape, 
nmoiiig  down  to  the  insertion  of  the  coxsej  tbe  anterior  piece,  gis',  is 
the  epiatemnm,  and  meets  its  fellow  on  the  ventral  aide,  forming  a  me- 
dian sntnre  between  the  two  coxal  articnlationa,  Plate  IX,  Fig.  1 ;  the 
posterior  is  the  homologae  of  the  epimeron  of  tho  Begments. 

The  mesothorax,  Plate  Vm,  Fig.  1,  n,  is  tbe  largest  segment  of  the 
body.  It  is  longest  on  the  npper  side.  Tbe  princip^  dorsal  piece  is 
tiie  big  Bcatnm,  j*,  below  the  lateral  edge  of  which  springs  the  front 
wing,  w*.  Over  the  base  of  the  wing  mns  bach  the  large  patagium.pf, 
which  is  very  mnch  developed ;  its  only  connection  with  the  body  is  in 
front,  where  it  bends  over  and,  as  it  were,  books  aronnd  tbe  front  edge 
of  the  wing.  The  sontellom,  ««ii',  is  also  prominent  and  extends  for  some 
distance  over  the  metathorax.  The  epiBtemnm,  g»*,  is  an  oblong 
piece  which  nma  backward,  beginning  jnst  nuderueath  the  front  end  of 
tbe  pataginm,  and  is  joined  behind  to  tbe  epimeron,  epm*.  It  is  nuited 
below  with  a  doable  piece,  at,  which  extends  downwards  and  back- 
wards to  the  coKO,  C3?.  This  piece  was  determined  by  Dr.  Packard, 
in  Attaeutf  as  the  stemnm,  and  his  nomenclatnre  was  followed  by  Bnr- 
gesB  in  his  article  on  Danais.  From  onr  study  of  the  Gotten  Moth,  it 
aeeniB  donbtftd  whether  this  interpretation  can  be  sustained.  The  piece 
is  doable  on  eacb  side,  as  can  be  especially  well  seen  in  a  ventral  view, 
Plate  IX,  Fig.  1.  Tbe  same  aspect  also  shows  that  the  two  pieces  do 
not  meet  in  the  median  line,  bat  are  separated  by  a  clear  triangular 
apace,  behind  which  Ues  a  pair  [a,  a)  of  pieces  which  separate  the  coxffi 
and  meet  one  another  in  the  median  ventral  line.  These  are  perhaps  the 
real  sternal  pieces.  In  any  case  it  is  evident  tfaatibrther  and  extended 
stndy  is  necessary  to  elacidate  the  real  morphology  of  these  numeroos 
components  of  the  thoracic  skeleton.  Tbe  epimeron,  epm*  (Plate  VIII, 
Fig.  1),  is  quite  large  and  complicated.  It  consists  of  a  hard  T-sbaped 
piece,  between  the  two  legs  of  which  is  a  large,  triangular  membranous 
area.  The  anterior  leg  of  the  Y  is  mnch  the  broader,  and  joins  above 
to  the  epistemum,  and  in  front  to  the  part  marked  st,  which  Pacliard 
has  held  for  the  stemnm.  The  membranoos  portion  between  the  legs 
presentsan  inconspicuous  6tmctnre,wbichisperhapsa8pimcle,  although 
this  coald  not  be  certainly  established.  Hie  coxal  joint,  ca^,  tapers 
rapidly ;  examined  from  the  outer  surface  it  appears  to  consist  of  two 
pieces;  the  anterior  piece  has  been  called  the  eoxa,  the  posterior  the 
tiochautine  by  some  aathors. 

The  metathorax  (III)  is  particularly  puzzling  on  acconnt  of  its  very 
complex  stmotare,  dne  at  least  in  part  to  the  development  of  namerooa 
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air-chambers  in  the  interior,  accompanied  by  manifold  ingrowths  of  the 
oater  omst  to  serve  as  partitions  between  the  adjacent  air-cbambera. 
As  the  ingrowths  are  connected  with  diviaiona  of  the  exoskeleton,  tliis 
last  becomes  very  complicated,  especially  in  the  posterior  taterai  region 
below  the  wing  and  above  the  leg.  The  scatum,  g',  is  well  marked; 
immediately  below  it  arises  the  hind  wing,  w*.  The  piece  which  Bar- 
gess  determined  as  the  scntellum  in  Danais  we  have  not  found  in  Ale- 
tia }  bnt  what  in  the  butterfly  appears  merely  as  the  tip  of  the  scutam  is 
distinctly  differentiated  in  the  moth  and  is  very  probably  the  true  scatel- 
lum ;  in  this  case  the  part  so  named  in  Danais  woald  have  to  be  con- 
sidered as  the  post-scutellam.  On  the  front  edge  of  the  segment,  be- 
tween the  front  edge  of  the  wing  and  the  cozal  joint,  is  a  single  piece, 
eps',  which  seems  to  correspond  to  the  two  pieces,  ep«*  and  sP,  of  the 
mesothorax,  fased  into  one.  In  the  posterior  part,  epm*,  there  are  a 
variety  of  structures,  of  which  the  most  important  are  two,  marked  A 
and  B.  The  former  is  a  little  quadrangular  dap,  which  hangs  down 
from  jast  below  the  posterior  edge  of  the  hind  wings.  The  latter,  B, 
is  a  deep-lying,  oval,  pellncid  membrane,  which  we  think  is  probably 
homologous  with  the  tympanal  membrane  of  grasshoppers.  The  rela- 
tion of  these  parts  is  better  shown  in  the  enlarged  figure,  Plate  XI, 
Fig.  3,  in  whifih  the  oval  membrane,  B,  and  the  flap.  A,  are  both  very  dis- 
tinctly drawn.  We  have  not  succeeded  in  observing  any  spiracle  ou 
this  segment.  The  boundary  between  the  metathorax  aud  the  abdomen 
is  not  clearly  marked  externally.  The  coxal  joint,  cw^,  is  similar  to  that 
of  the  second  leg. 

A.  H.  Swiuton  has  pabUshed  a  paper  on  the  organ  of  hearing  in  lep- 
idoptera,*  in  which  he  refers  to  the  oval  disk,  which  we  have  interpreted 
as  a  tympanum.  According  to  Swinton,  a  nerve  passes  from  the  third 
thoracic  ganglion  obliquely  across  and  round  the  elevator  muscle  of 
the  bind  wing  to  the  supposed  tympannm,  where  it  is  connected  with  a 
strnctnre  (Swinton's  "  membranous  vesicle")  which  is  apparently  iden- 
tical with  the  structure  in  like  position  in  the  grasshoppers,  which  latter 
was  likewise  originally  described  as  a  vesicle,  but  is  now  known  to 
be  really  a  cluster  of  rod-bearing,  terminal  organs,  such  as  are  uow 
known  to  be  the  essential  constituents  of  tympanal  organs.  For  a  gen- 
eral account  of  these  apparatus  see  the  r4sum6  by  0.  S.  Minot.f  It  is 
probable  that  the  part  we  have  described  in  moths  is  a  real  tj  mpanum, 
and  entirely  homologous  with  that  of  Acridlans,  bat  the  matter  must 
remain  uncertain  until  the  terminal  rods  have  been  actually  found. 

The  abdomen  consists  of  nine  segments,  numbered  1-9,  the  last  two 
not  showing  in  the  figure,  being  retracted  into  the  seventh  segment. 
The  first  is  smaUrar  than  the  second  and  succeeding  segments,  nod, 
therefore,  appears  as  a  sort  of  thick  stalk  unitiug  the  abdomen  with 

*BwintOD,A.H.    OnuiOrg>aofHeaclDgInIimato,wWisp«i)lalr«fcieuo«to  t)i*L«pl[lopta».    Sd- 
tantdogiit'B  UontU;  Utg.,  XI7  (lanj,  131-120. 
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the  thorax.  Each  of  the  Begmenta  consiBte  of  a  dorsal,  two  lateral  (one 
on  each  aide)  and  a  ventral  piece.  The  side  piece  or  membraiie  of  the 
first  seven  segments  bears  a  spiracle.  The  first  segment,  in  its  trans- 
verse diameter,  is  nearly  as  broad  as  the  thorax,  bnt  its  dorso-ventral 
diameter  U  barely  half  as  great.  In  fh>nt  it  bends  over  and  inwards, 
eepeciaJly  at  the  sides,  so  that  here  (see  Plate  XI,  Fig.  3]  the  crnst,  where 
it  J<dnB  the  thorax,  &ces  towards  the  head.  It  ie  here  that  tlie  spiracle 
(«p)  is  placed,  so  that  in  a  side  view  of  the  abdomen  we  see  the  edges 
of  the  spiracle,  and  not  its  opening,  as  in  the  other  segments ;  the  spir- 
acle looks  forwards. 

The  Btmctnre  of  the  spiracles  is  interestiDg.  They  are  all  essentially 
alike.  Plate  XI,  Fig.  1,  represents  that  of  the  second  abdominal  seg- 
ment. The  spiracle  is  a  vertical  fissnre  with  two  Ifps,  of  which  the  an- 
terior u  connected  with  a  long  tendon,  to  which  are  attached  the  mus- 
cles wbicli  move  the  lips.  Ontside  the  lips  is  a  row  of  stiff  hairs,  or 
spines,  which,  standing  ont  from  the  borders  of  the  flesore,  reach  to- 
waids  ita  center,  so  that  those  of  the  opposite  sides  nearly  meet  in  the 
middle.  Fig.  2  of  the  same  plate  gives  a  more  magnified  representa- 
tion of  a  single  spine.  It  rises  from  a  pore-canal  (or  tnbe  mnning 
tbroagh  the  cuticnla),  makes  a  bend  at  the  start,  and  then  mits  out 
nearly  straight,  a'thick  stem,  from  the  oater  half  of  which  ariseanam- 
ber  of  obUqae  prickles  or  thorns  irregnlarly  placed.  The  shaft  oonsists 
of  a  hard  sheath  and  a  core  or  pnlp.  The  hairs  on  the  front  edge  are 
a  little  shorter  than  those  on  the  posterior.  At  the  top  and  bottom  of 
the  flBsore  the  haiis  become  very  smalL  The  purpose  of  these  spines 
is  midonbtedly  protective;  they  serve  to  prevent  the  entrance  of  foreign 
bodies,  like  the  similar  strnottires  in  the  spiracles  of  the  caterpillar.  In 
the  adolt  there  is  a  single  row  of  long  spines ;  in  the  larva  several  rows 
of  short  spines. 

The  legs  ofCer  little  requiring  special  description.  The  tarsal  joints 
are  five  on  each  leg.  Aiter  removal  of  the  scales  they  are  seen  to  be 
armed  with  a  double  row  of  spines  on  their  inner  margin  (PI.  IX,  Fig. 
2),  except  the  last  joint,  which  hae  only  hairs.  The  spines  are  shortest 
on  the  npper  part  of  each  joint  and  increase  towards  the  distal  end,  the 
lowest  spine  being  the  longest.  Theradof  the  lastjoint  bears  in  front 
two  long,  earring  hairs,  and  behind  the  two  recurved  books,  between 
which  is  placed  the  soft  hairy  pad,  or  polvillas,  p.  The  other  joints  are 
distingnished  by  their  gradual  diminution  in  length,  the  first  or  upper 
beiQ^  the  longest  and  having  also  the  largest  number  of  spines,  aa  well 
as  the  greatest  Intervals  between  the  adjacent  spines.  The  scales  on 
the  legs  are  peculiarly  grouped,  being  inserted  in  little  clusters  of  some 
10  to  15.  Each  cluster  is  very  compact  and  elongated,  in  the  sense  of 
the  long  axis  of  the  limb. 

The  scales  are  flattened  hairs,  divided  into  a  blade  of  variable  shape 
ud  a  short  pedicel,  by  which  they  are  attached  to  the  skin.  The  blade 
consists  of  a  central  portion,  homologoos  with  the  core  of  hairs,  and 
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a  caticalar  membrane,  consiating,  of  course,  of  an  apper  and  lower  lam- 
ina, united  at  their  edges  and  continacd  on  the  pedicel.  BnTmeis- 
ter  gives  it  as  his  opinion  that  the  scale  is  empty  between  the  two 
laminaa;  bat  we  cannot  accept  his  view,  becaose  in  those  scales  we 
hare  examined  there  is  always  an  internal  pulp,  which  often  cootoios 
coloring  matters.  The  scales  have  lon^tadinal  atries,  which  are  pro- 
duced by  folds  of  the  outer  surface  or  lamina,  as  is  at  once  shown  by  a 
cross-sectiou  of  a  scale  (Plate  IX,  Fig,  lA).  The  upper  surface  is  more 
nearly  flat.  The  lower  soriiice  is  recurved  on  each  aide.  The  scales  are 
thickest  in  the  middleline  and  thin  out  toward;]  the  edges.  All  these  fea- 
tures were  likewise  observed  by  Bnrcessin  Danaiti,  and  it  is  probable  that 
they  are  common  to  the  majority  of  the  lepidopterous  scales.  There  has 
been  much  dispute  concerning  the  nature  of  the  strlee  on  the  scales,  and 
Burgess  was  the  first  to  describe  their  real  character.  Certainly  Burmeis- 
terisiu  error  when  he  says:  ^'Iln'efitpasdouteuxquelesatriesbienTist- 
btes  dea  ^cailles  soient  dea  filets  ^Iev6s  an  c6t6  interne  de  la  lame  snp4ri- 
eure,  se  pronongaut  au  c6t6  extemeeculement  comme  stries  flnement  im- 
prim^es."*  In  majiy  species,  especially  of  butterflies,  there  are  trans- 
verse atria),  which  are  said  by  Burmeist^r  to  be  confined  to  the  inferior 
lamina.  In  conjunction  with  the  lougitudinal  strife,  they  divide  the 
scales  into  little  squares.  There  is  great  variety  iu  the  form  of  the 
Boales,  bat  the  study  of  these  variations  has  hitherto  borne  little  fntit. 
B.  Schneider  has  published  a  memoir!  on  the  form  and  distribution  of 
the  scales  over  th.e  body  iu  Lepidoptera,  treating  the  subject  with  con- 
siderable detail.  More  iuterestiag  is  Burmeister's  essay,  which  con- 
tains the  best  general  account  with  which  we  are  acquainted. 

The  scales  are  inserted  into  peculiarly-shaped  oblique  pore-canf^ 
{Plate  XI,  Fig.  6).  They  begin  on  the  outer  surface  with  a  wide  open 
fimnel  that  leads  into  a  bulb  or  spherical  dilatation  of  the  pore.  From 
the  deep-lying  sur&ce  of  the  bulb  rnns  inward  a  fine  tube.  Appar- 
ently the  stalk  of  the  scale  fits  iuto  the  outer  funnel,  and  is  attached  to 
the  bnlb. 

The  distribution  of  the  scale  pores  is  characteristic;  they  lie  in  little 
groups,  which  tend  to  spread  out  iu  lines  having  the  same  general  trend, 
but  never  atrictly  parallel  with  one  another  (Plate  XI,  Fig.  4).  On  the 
legs,  as  already  mentioned,  there  is  a  similar  grouping,  though  not 
identical  with  tliat  shown  iu  Fig.  i.  On  certain  parts,  as,  for  example, 
the  patagia  aud  the  mombrauous  portions  of  the  thoracic  crust,  the 
pores  are  scattered  more  evenly,  each  by  itself. 

The  best  account  of  the  structure  of  the  maxillie,  or  proboscis,  of  but- 
terflies is  that  given  by  Burgess,  aud  an  esacoiuatiou  of  this  organ  in 
Aletia  reveals  the  same  essential  structure  as  in  the  butterfly,  ao  that 
we  may  dispense  with  a  detailed  account.    Plate  XI,  Fig.  6,  represents 

*  H.  BnTzoetitflT.  Doscrlptien  phyilqac  da  U  IMpDbUqne  ATguilJne.  Toms  olnqaMiae.  UpUo- 
pttn*.    (XxmmeD  aptdal  dea  KcrIUm.  pp.  Zl-28.)    Bueaoi-Ayrea,  lETS. 
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JDBt  tbe  Up,  to  show  its  pecnliar  oatline  and  the  spine-like  strnctnreB, 
vfajch  probabl;  have  a  sensory  fanction.  They  are  present  in  all  Lepi- 
doptera,  bat  nnder  a  great  variety  of  forms ;  in  Danals  they  are  rednced 
to  small  warts,  bat  in  many  other  genera  they  are  large  and  conspica- 
oob;  for  detail  the  reader  may  consult  Darwin  and  Brettenbaeh.*  The 
spines  are  evidently  modified  hairs,  for  they  are  each  placed  over  a  wide 
pore-canal  of  the  cnticnla,  and  are  themselves  pointed  chitinoas  tabes, 
as  shown  in  the  flgores  (Plate  XI,  Figa,  6  and  S).  The  spines  consist 
of  two  partB,  a  cylindrical  basal  joint  and  a  double  oater  portion,  com- 
posed of  two  tapering  homs  (Plate  XI,  Pig.  S).  In  some  of  the  larger 
spines  one  of  these  horns  is  mach  the  greater  of  the  two,  and  aeems  to 
be  a  direct,  spnr-like  continaation  of  the  base,  while  the  shorter  fork  is 
articalated  to  tfae  proximal  joint.  In  the  smaller  spines  the  ineqaality 
of  the  two  forks  is  mach  less ;  the  long  fork  is  most  developed  on  the 
spines  of  the  dorsal  side  of  the  maxilla.  There  is  difficulty  in  making 
ODt  these  eharacteristics  in  all  the  spines,  as  they  often  lie  on  the  slide 
in  positions  nnf^vorable  to  microscopic  ezamiuatiou,  and  there  remain 
many  pointa  ondecided.  The  largest  spines  are  found  a  little  way  fivm 
the  tip;  on  the  very  tip  of  the  trunk  they  are  a  little  smaller,  and  to- 
wards the  base  of  the  proboscis  they  gradually  grow  smaller  and  smaller, 
and  lie  farther  apart ;  they  are  not  found  on  the  basal  half  of  the  organ. 
Upon  that  edge  of  the  maxiUee  which  is  dorsal  when  they  are  extended, 
are  hairs  such  as  are  represented  in  Plate  XI,  Fig,  7.  These  hairs  are 
for  the  most  part  inclined  away  from  the  tip-like  bcirba.  Whether  they 
are  stii^  so  that  they  serve  to  lacerate  the  flowers  attacked  by  the  moths, 
we  were  nnable  to  determine ;  that  this  function  is  performed  by  the 
large  spines  is,  we  think,  improbable,  although  Professor  Comstock  has 
suggested  this  view. 

IHTBBHAI.  AHATOaCT  OF  THE  IHACtO. 

The  digestive  canal  of  Aletia  closely  resembles  that  of  the  MUkweed 
Butterfly,  Banauarchipput,  as  described  by  Bnrgess.  We  shall  therefore 
follow  his  account. 

l^e  canal  traversing  the  proboscis  opens  into  a  large  muscular  pha- 
lynz,  which  occupies  much  of  the  lower  part  of  the  head,  Plate  VII,  Fig. 
2.  The  pharynx  is  oval,  and  is  suspended  by  at  least  two  pairs  of  mns- 
ctes,  one  dorsal,  m\  and  one  frontal,  m^.  At  the  anterior  border  of 
the  pharynx  is  a  triangular  mnscnlar  flap,  the  epipharynx,  mi',  overly- 
ing the  opening  of  the  proboscis,  and  serving  as  a  valve  to  close  the 
latter.  The  pimrynx  shows  two  layers  of  mascles,  an  outer,  thicker  one 
oflongitudinalflbers,  and  an  inner  of  transverse  fitters.  The  pharyngeal 
cavity  extends  obliquely  apwards  from  front  to  back,  and  is  much 
broader  than  high. 

»  The  pharynx,  as  is  evident  ftom  its  structare,  serves  as  a  pomping 
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organ  to  snok  the  liqaid  fbod  of  the  ODimal  throDgh  the  proboeois,  sod 
force  it  backvarda  into  the  digestive  canal,  the  process  being  as  fol- 
lows :  The  proboscis  is  unrolled,  and  inserted  into  the  nectary  of  a 
flower;  at  this  moment  the  moscles  which  sospend  the  pharynx  oon- 
tract,  and  its  cavity  is  thas  ezt^ided,  creating  a  vacunm,  which  mast 
be  supplied  by ,  a  flow  of  honey  through  the  proboscis,  into  the 
pharynx.  When  the  latter  is  Ml  its  mnsoles  contract,  the  valve  closes 
the  apertore  to  the  proboscis,  and  the  honey  is  forced  backward  into 
the  CBSophagos.  The  pharynx  is  then  again  opened,  and  the  same  pro- 
cess is  repeated.  To  prevent  the  food  being  sncked  back  firom  tbe 
OBSophagna,  it  is  probable  that  some  of  the  nameroQe  fibers  in  the 
mnscolar  sac  near  the  origin  of  the  former  can,  by  contraction,  close 
its  opening ;  but  in  any  case,  asthe  proboscis  presents  a  &ee  tabe,  and  the 
oesophagns  leads  into  the  closed  alimentary  canal,  it  is  evident  that  the 
former  offers  the  easiest  ronte  for  a  supply  to  fill  tiie  vacuum  produced 
in  the  pharynx."    (Borgeaa.) 

The  organ  just  described  escaped  the  notice  of  entomotomists  anttl 
discovered  by  Burgess,  and  its  functions  were  conjeoturally  ascribed  to 
other  parts.  "  The  so-called  '  sacking  stomach '  thus  received  its  name 
from  earlier  writers,  and  when  its  structure  was  better  known  and  socl) 
a  purpose  negatived,  the  capillarity  of  the  fine  tube  of  the  proboscis, 
and  even  a  periett^tao  action  of  the  tatter,  have  been  suggested  to  ex- 
plain the  power  possessed  by  the  butterfly  to  sack  up  its  food." 

At  the  upper  extremity  of  the  pharynx  opens  the  narrow  cesophagns, 
(M,  and  at  the  lower  edge  of  the  faypophaiynx  the  common  duct  of  the 
Bfljivary  glands,  sol,  discharges  into  the  expanded  base  of  the  probos- 
cidean canal.  These  glukds  consist  of  two  long  convolated  tubes,  ex- 
tending along  each  side  of  the  thoracic  central  nervous  system.  In 
the  general  flgore,  Plate  YIH,  Fig.  2,  the  glands  have  been  removed, 
in  order  to  show  tiie  course  of  the  cesophagus  fmd  ganglionic  chain. 

The  cesophagus,  Plate  YIII,  Fig.  2,  oe,  is  a  slender  and  delicate  tube 
leading  from  the  pharynx  above,  and  after  piercing  the  nerve  commis- 
sure between  the  brtun  and  the  sacceediug  ganglion,  passes  straight 
through  the  thorax  into  the  abdomen,  in  the  very  base  of  which  it 
separates  into  two  short  branches,  the  npper  leading  into  tlie  fbod  res- 
ervoir, the  other  the  tme  stomach. 

The  food  reservoir,  Jr,  (or  so-called  sucking  stomach),  is  a  large 
membranous  sac  filling  the  anterior  end  of  the  abdomen ;  its  walls  are 
a  very  delicate  caticle,  which  is  Interiorly  thrown  into  very  curious  laby- 
rinthine wrinkles;  neartheneckisaregiouarmedwith  singular  processes 
or  spines,  scale-like  in  shape,  each  scale  being  armed  with  some  six  or 
eight  very  sharp  teeth.  The  neck  has  an  Investment  of  transverse,  an- 
nular muscniar  fibers. 

In  alcoholic  specimens  the  food  reservoir  is  much  crumpled,  and  in 
all  specimens  opened  was  empty.  There  are  some  indications  that  the 
SBC  is  not  a  simple  one,  bat  has  secondary  lobes  or  putitiona ;  but  this 
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point  is  still  oaeolTed.  Since  the  organ  is  not  for  ancking,  as  long  anp- 
posed,  and  is  evidently  not  digestive,  it  seems  likely,  or  at  least  pos- 
sible, that  it  serves  simply  as  a  reservoir.  It  is  first  developed  in  the 
pnpfll  stage. 

In  a  lateral  view,  aa  in  Fig.  2,  the  necb  of  the  reservoir  is  concealed 
by  die  anterior  end  of  the  stomach,  which  projects  into  two  short  lobee 
(m  each  side  of  the  neck. 

The  stxmiach,  st,  is  very  much  smaller  than  in  the  larva,  for  It  barely 
extends  fbroagh  foar  abdominal  segments.  Its  walls  have  the  same 
two  moscolfir  coats  as  we  have  described  in  the  larval  stomaoh,  vide 
9mpra,  and  the  epithelial  lining  is  thrown  np  into  beantifbl  glandnlar 
oormgations.  The  stomach  is  overlaid  with  the  convoluted  malpighiaii 
vessels,  mv,  six  in  niunber,  three  of  which,  on  each  side,  unite  and 
open  by  a  short,  common  dact  into  the  posterior  end  of  the  stomach. 
At  the  end  of  the  stomach  begins  the  peculiarly  coiled  small  intestine, 
t,  wbich  passes  to  the  left  of  the  bursa  copniatrix  in  tite  female,  and  of 
the  genitalia  in  the  male.  The  intestine  passes  into  the  wide  terminal 
diviaioD,  or  rectnm,  B,  £rom  the  front  end  of  whioh  runs  out  a  curved 
blind  poach  or  caecum,  c  In  Danais  the  terminal  diwsion  is  clearly 
separated  into  an  anterior  part  or  colon,  and  a  posterior  part,  or  true 
rectum,  bnt  the  rectal  region  is  less  noticeable  in  Aletia. 

The  coarse  of  the  aorta,  or  anterior  extension  of  the  heart,  in  le]>i- 
doptera,  was  not  correctly  described  by  the  older  anthers.  Bnrgess  ob- 
served its  strange  bend  in  the  butterflies,  and  has  since  studied  it  in 
several  forms  of  lepidoptera,  and  published  his  resnits  in  a  short  paper.* 
In  this  article  he  describes  and  flgnres  the  coarse  of  the  thoracic  aorta 
in  a  noctnid.  In  Aletia  it  enters  ft«m  the  abdomen  behind,  bends  im- 
mediately upwards,  widens  rapidly,  makes  a  slight  crook,  and  then, 
reaching  the  dorsal  wall  of  the  metathorax,  to  which  it  is  sebured  by 
fibrous  tissue,  it  makes  a  sharp  bend  and  runs  back  upon  its  own  course ; 
next  curves  forwards,  and,  growing  gradnalty  narrower,  runs  along  just 
above  the  cesophagua  into  the  head,  passing  with  the  former  through 
the  brain. 

The  nervous  system  consists  of  a  chain  of  ganglia  Emd  the  nerves. 
The  snpra-<Bsophageal  ganglion,  or  brain,  occupies  ne^ly  the  center  of 
the  head  (Plate  YII,  Fig.  2,  Br,),  and  is  connected  by  very  thick  commis- 
sures with  the  sub- (esophageal  ganglion,  which  passes  gradually  into 
the  cord  that  leads  to  the  first  thoracic  ganglion.  This  is  quite  distinct, 
but  the  second  and  third  are  almost  completely  fused,  and  connect  with 
the  abdominal  ganglia  by  a  very  long  commissore.  In  the  abdomen 
(Plate  YIII,  Fig.  2)  there  are  four  nerve  centers  {a.g.,a.g.),  as  is  almost 
always  the  case  in  the  Lepidoptera,  lying  in  the  third,  fourth,  fifth,  and 
sixth  segments  respectively.  The  last  is  the  largest,  and  is  compounded 
of  two  or  more  ganglia  fused  together ;  the  principal  nerves  arising  firom 
it  seem  to  innervate  the  organs  of  reproduction. 
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In  the  state  of  rest  the  eighth  and  ninth  segments  in  the  abdomen  of 
both  sexes  lie  concealed  within  the  seventh,  the  intersegmental  mem* 
branes  in  these  cases  being  long  enongh  to  admit  of  thia  telescoping 
action.  The  eighth  segmentof  the  male  does  not  differ  &om  the  preced- 
ing, except  in  wanting  the  spiracles  and  in  its  smaller  size.  It  has,  bow- 
ever,  on  its  ander  side  a  thick  shock  of  long  hairs  or  scales  parted  down 
the  middle,  which,  when  this  segment  is  retracted  within  the  seventh, 
serves  to  form  »  soft  cushion  between  the  two,  although  this  may  not  be 
its  only  parpoae.  The  bmahes  of  hair,  to  be  described  below,  borne  by 
the  ninth  segment  act  in  the  same  manner  as  a  ooshioB  between  the 
eighth  and  ninth  segments. 

The  dorsum  of  the  latter  or  terminal  segment  is  prodaced  backwards 
into  a  slightly  curved  hook,  often  compared  with  the  telson  of  the  cms- 
taeea  (see  Plate  VIII,  Fig.  2,  aad  Plate  X,  Figs.  1  and  3,  where  the  hook 
is  marked  with  the  figure  9).  This  hook  covers  the  anal  opening  ■  (a.), 
and  in  some  K'octoida  is  greatly  developed.  Beneath  it  is  a  chitinooa 
finger  (Pig.  3,/)  which  is  movable,  bat  its  function  is  obscore. 

The  ventral  portion  of  the  ninth  segment  forms  a  broad  troogh-shaped 
process  (Plate  X,  v.pr.,  Figs.  1-3),  with  upturned  lateral  edges,  thepeois 
lying  in  the  bottom  of  the  trough  so  formed,  and  hinged  to  each  side 
of  this  segment  are  the  "claspers,"  which  are  narrow  triangular  pieces 
with  a  slender,  slightly  incarred  apex.  Their  exact  ahape  will  be  more 
readily  understood  by  referring  to  the  lateral,  dorsal,  and  ventral  viewa 
given  in  Plate  X,  Fig&  1,  2,  and  3,  o  left,  e'  right  clasp. 

There  is  still  another  and  singular  organ  attached  to  the  ninth  seg- 
ment. This  is  a  sac  with  delicate  membraneous  walls  thickly  covered 
with  slender,  long-stalked  scales  (Plate  IX,  Fig.  3).  The  sao  is  very 
elaatic,  and  may  be  protruded  like  a  long  finger  and  again  retracted  at 
will.  The  long  hair-like  eoalos  give  the  organ  the  appearance  ttf  a 
brush.  It  is  ehowo  in  various  positions  on  Plate  X,  Figs.  1-3,  b,  tbe 
scales  being  removed  in  all  the  figures.  This  brush-sac  is  attached  to 
tbe  base  of  the  claspers. 

Morrison  *  first  called  attention  to  similar  organs  in  Lewsaretia  aercea, 
and  states  they  are  protruded  by  being  filled  with  fluid  &om  within.  He 
also  noticed  them  In  Danais,  Agrotis,  and  Euplexia.  Borgesa  {loctxt.) 
described  their  structure  in  Danais,  where,  however,  they  are  not  placed 
in  the  same  position  as  in  Leucarctia  and  the  Koctuids.  The  retractor 
muscle  found  in  Danais  we  have  not  succeeded  in  finding  in  Aletla. 
Miiller  has  also  noticed  these  appendages,  and  regards  them  as  scent 
organs.  At  all  events  it  is  probable  they  are  organs  for  sexual  excita- 
tiou.    They  are  not  found  in  the  female." 

The  male  organs  of  reproduction  consist  of  a  very  large  tetHa,  two 
vaaa  deferentia,  in  each  of  which  a  tubular  gland  opens,  a  dactua  tjaea- 
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latori'os,  and  tbepenia.  The  testiB  is  sbaped  like  a  vei?  thick,  nearly 
spherical,  battoo.  [Plate  VIII,  Fig.  2,  and  X,  Fig.  1,  Te.)  It  is  really  a 
compoand  organ  composed  of  two  testes  fosed  together.  The  testes 
can  be  fooud  in  the  caterpillar  as  separate  kidacy- shaped  organs  lying 
close  under  the  dorsal  yessel*  in  the  fifth  abdominal  segment.  In  both 
larva  and  imago  the  fifth  abdominal  spiracle  sends  a  branching  tra- 
cheal tree  which  spreads  over  and  into  the  testes  on  each  side.  The 
vasa  deferentia  lead  from  the  posterior  l^ce  of  the  testes.  After  a  few 
convolntions  tbey  dilate  into  pod-shaped  chambers,  and  then  contract 
for  a  length  of  very  fine  tabes  ontil  reaching  the  i>oint  of  onion  with 
the  glanduUe  mucoate,  into  the  basal  portion  of  which  the  vasa  deferen- 
tia seem  to  open.  A  short  distance  farther  and  the  two  vasa  deferen- 
tia unite  into  a  long,  single  dact,  the  dvctus  ejacvlatoriut,  which  is  of 
larger  diameter,  contracting  sUghtly  near  its  end,  again  dilating  into  a 
Tery  mnscular,  gonrd-shaped  section  (Plate  X,  Fig.  1],  which  ox)en8  into 
the  penis. 

The  latter  organ  is  a  slender,  cbitinons  tube  whose  top  projects  be- 
tween the  clasi>ers  and  below  the  anas,  and  which  lies  in  the  trough 
formed  by  the  ventral  arch  of  the  ninth  segment,  as  already  described. 
It  is  protmded  by  a  muscle  on  either  side,  the  protractor  penis,  which  is 
attached  to  the  ninth  segment.  The  end  of  one  of  these  protractors  is 
shown  &tpp  in  Figs.  1  and  3,  of  Plate  X.  The  retractor  was  not  found. 
From  the  tip  of  the  penis  project  two  prongs,  which  bear  on  their  inner 
aspect  several  stout  spines  and  some  smaller  teeth,  as  shown  in  Fig.  4, 
Plate  X.  These  prongs  seem  capable  of  protrusion  and  retraction,  and 
telescoped  within  the  penis  can  be  seen  other  cbitinons  processes  and 
spines,  apparently  of  considerable  complexity,  which  could  not  be  sat- 
ia&ctorily  Btodied  in  the  specimens  at  disposal. 

PEMALB  OBOANS  OP  BEPBODUOTIOH. 

The  ovaries  consist  of  four  long  slender  tubes,  lying  in  several  folds 
on  each  side  of  the  body.  Their  slender  tips  end  in  suspensory  liga- 
ments, all'  eight  of  which  unite  together  immediately  under  the  dorsal 
vessel.  At  their  basal  ends  the  ovarian  tubes  of  each  side  unite  into 
a  uterine  chamber  (Plate  IX,  Fig.  4,  u.),  the  short  oviducts  &om  which 
unite  into  a  single  oviduct,  which  passes  through  the  eighth  and  ninth 
segment  and  opens  between  the  lateral  flaps  of  the  latter  beneath  the 
anus. 

Two  accessory  glands— coUeterial  or  sebaceous  glands,  so  called — 
which  are  concerned  with  secreting  the  egg-shell  or  the  cement  by  which 
the  moth  fixes  the  eggs  in  place  when  laid,  open  into  the  common  ovi- 
duct. The  anterior  glaod  is  single;  the  posterior  is  a  pair  of  glands 
with  a  single  dact.  Both  consist  of  long  coecal  tubes,  with  pear-shaped 
dilations  near  the  base,  followed  by  another  roundish  dilation.    (See 
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Plate  rx,  Fig.  4,  a.gl}  aaia-gl*)  The  paired  glands  lie  close  under 
tlie  rectam,  and  would  at  first  sight  be  supposed  appendages  of  the  lat- 
ter instead  of  belonging  to  the  ovidact. 

At  the  base  of  the  eighth  segment,  beneath,  opens  the  vagina  (v.),  the 
orifice  of  which  is  therefore  distinct  from  that  of  the  oviduct.  It  Lb  a 
long  homy  canal,  which  leads  into  a  veij  large  pyriform  copulatory 
pouch.  {Plate  IS,  Pig.  4, «.  p.)  This  pouch  is  a  very  remarkable  or^an 
in  the  Lepidoptera.  Its  walls  are  very  thick,  and  consist  of  a  powerfiil 
muscnlar  layer  (Fig.  7,  m.),  within  which  is  an  epithelial  layer  (gp.)  or 
matrix  which  gives  rise  to  a  stout  cutieula  intima  (cu.).  This  last  lies  in 
heavy  folds  or  ridges  (Fig.  6),  which  have  a  general  longitudinal  direc- 
tion, but  with  varioas  curves  and  anastomosing  branches.  It  is  covered 
with  little  points,  or  teeth,  which  are  stonter  near  the  base  of  the  poach, 
and  similar  to  the  cuticulor  spines  of  the  larval  akin  described  at  the 
beginning  of  the  chapter.  Eaob  point  arises  in  a  little  field  of  its  own, 
separated  by  various-shaped  boundaries  bom  adjoining  fields.  (See 
Fig.  6.)  These  fields  probably  correspond  to  the  underlying  cells  of  the 
matrix.  S'ear  the  base  of  the  interior  of  the  pouch  a  transverse  tri- 
angular fiap  or  valve  is  suspended  from  above,  very  thickly  covered 
with  short  teeth,  like  those  over  the  rest  of  the  pouch. 

There  is  a  deep  longitudinal  furrow  on  the  top  of  the  pouch,  so  that 
(aoss-aections  of  the  latter  ^ve  a  Y-sbaped  cavity.  The  vagina  itself 
has  a  smooth,  stout  onticola.  "Seax  the  base  of  the  vagina  a  slender 
sperm-dact  («.  d.)  leads  &om  the  vagina  into  the  ovidact,  through  which 
duct  the  spermatozoa  pass  from  the  copulatory  pouch,  where  they  are 
discharged  into  the  oviduct  where  the  eggs  are  to  be  fecundated.  The 
sperm-duct  does  not  expand  into  a  spermatheca,  as  is  often  the  case. 

In  the  femfde,  as  in  the  male,  the  two  terminal  segments  are  retracted, 
resting  within  the  seventh,  and  do  not  bear  spiracles.  The  eighth  seg- 
ment Is  like  the  preceding  in  shape,  but  smaller,  with  the  pocket  be- 
neath for  the  vaginal  oi>ening,  as  described.  From  the  anterior  margin, 
each  side,  a  stout  spur  projects  into  the  interior  of  the  abdomen  (Plate 
IX,  Fig.  4]  for  the  attachment  of  muscles  to  move  the  segment. 

The  dorsum  of  the  ninth  segment  forms  merely  a  membranons  cov- 
ering over  the  rectum  and  contains  no  ossified  element.  The  sides  of 
the  segment  are  produced  into  two  lobes  (see  Plate  IX,  Fig.  4),  which 
flank  the  oviduct  and  form  a  short  ovipositor.  Anteriorly  the  lobes 
send  out  two  spurs  like  those  of  the  preceding  segment,  but  they  are 
not  shown  in  the  flgure.  Ventrally  the  segment  terminates  in  a  short 
triangular  piece  projecting  between  the  lateral  lobes. 
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CHAPTER    VI. 


THE  COTTON  BELT. 

B;  Prof.  EuoBMX  A.  Smith. 

[U*pflluidn.] 

A.-0£SEBAI  FSATUSEB  07  THE  COTIOH  STATES. 

In  tbis  regioa  are  inoJuded  N'orth  and  Boath  Oarolina,  Georgia,  Flor- 
ida, Alabama,  Miastssippi,  Loaisiaiia,  the  eastern  parta  of  Texas  and  the 
Indian  Territorir,  Arkansaa,  Southern  Misaonri,  Tennessee,  and  parts  of 
Kentookf  and  Yirginia.  To  these  may  be  added,  in  Oaliforma,  the  re- 
gion between  Merced  and  Kern  in  the  Boathera  part  of  the  State,  and 
Ynbo,  Satter,  and  Oolnsa  Coanties  in  the  northern  part. 

Almost  the  whole  cotton  crop  is  thofi  produced  in  the  area  inclnded 
between  the  twenty-ninth  and  tturty-seventh  parallels  of  north  latitade, 
and  between  the  BeTenty-mzth  and  one  hundredth  lines  of  west  longi- 
tode. 

Oluutb. — Wi*d$. — As  i^gards  the  direction  of  the  pteradtsg  winds, 
the  cotton  States  may  be  arranged  in  fonr  gronps. 

Tbe  flist  of  these  inclndes  Texas,  Arkansas,  and  the  Indian  Territory, 
in  which  the  prevuling  winds  daring  the  sammer  are  fix>m  the  south- 
east, Bonth,  and  soathwest,  and  ih>m  the  north  and  northwest  daring 
the  winter  months.  The  second  inclndes  the  States  of  Eentncky  and 
TenneAsee,  lying  between  the  Mississippi  and  the  Appalachian  chain, 
in  which  the  prevailing  direction  of  the  winds,  both  winter  and  snmmer. 
Is  from  the  soathwest.  The  third  inclndes  the  States  of  the  Atlantic 
slope — ^N'orth  and  South  Carolina  and  Georgia — whose  prevailing  sum- 
mer winds  are  from  the  soathwest  and  those  of  the  winter  ftom  the 
northweet.  The  fourth  section,  indading  the  Oulf  States,  Lontsiana, 
Alabama,  and  Florida,  partakes  of  the  characters  of  the  other  regions 
sorrounding  it ;  and,  while  the  prevailing  winds  are  sontheasterly  in  snm- 
mer and  northeasterly  in  winter,  the  directions  are  very  nearly  evenly 
balanced,  except  in  some  parts  of  the  Florida  peninsula,  where  there  is 
a  very  decided  prevalence  of  easterly  winds  tliroughout  the  year. 

Ba^/aii. — The  supply  of  moisture  for  the  rainfall  over  the  cotton 
States  comes  almost  exclasively  from  the  Onlf  of  Mexico.  The  amonut 
of  yearly  rainfall  varies  between  the  extremes  of  28  and  64  inches. 
Over  the  greater  part  of  this  area  it  varies  between  40  and  60  inches. 

The  densest  part  of  this  rain  distribution  is  over  the  Mississippi  delta 
and  ridnlty,  reaching  the  maximum  of  6i  inches  in  Southeast  Missis- 
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sippi  aod  Soathwest  Alabama,  vheooe  it  divides,  numing  with  SO  inchea 
DOTtbeastward  to  Florence,  Alabama,  and  northvestward  ap  the  Bed 
Biver  to  the  lower  part  of  ArkuiBaa. 

The  auDiial  precipitatioii  over  the  rest  of  the  cotton  States  is  between 
44  and  66  inches,  with  the  foUowlng  exceptioiu: 

(1.)  In  Texas  the  rainfall  is  ma*^  less,  varying  between  2S  and  44 
inches  in  the  ootton-prodnoing  portion  ot  the  State,  and  feilling  as  low 
as  20  inches  or  less  towards  the  west.  The  Indian  Territory  presents 
nearly  the  same  characters. 

(2.)  Through  Western  North  Oarolina  and  EastTennessee,  and  eztrad* 
ing  down  through  Georgia  and  Southeastern  Alabama  into  Florida, 
there  is  an  area  in  which  the  precipitation  is  between  10  and  44  inches. 
A  narrow  strip  along  the  coasts  of  Korth  and  South  Oarolina  exhibits 
similar  conditions. 

(3.)  In  the  extreme  south  of  Florida  (outside  of  the  cotton  region) 
there  is  a  lunf^  of  56  to  60  inches. 

Of  great  importance  to  the  growth  of  the  cotton  plant  is  the  distri- 
bution of  the  rainfall  over  the  different  seasons ;  and  we  find  the  maxi 
mom  of  predpitation  during  the  months  of  June,  July,  and  Aogost,  ol 
18  inches  and  above,  (1)  in  the  delta  region  of  the  Mississippi,  and  ex- 
tending  in  a  narrow  band  up  the  MobUe  Biver,  into  the  fork  of  the  Tom- 
bigbee  and  Alabama  Bivers ;  and  in  a  second  narrow  band  northwest- 
ward almost  to  Little  Bock,  Aik.  (2)  Eastern  Sontii  Oarolina  and 
Georgia,  and  the  whole  of  the  peninaida  of  Florida,  show  similar  condi- 
tions, the  summer  rainfiall  in  Sonthwestem  Florida  reaching  28  inches. 

The  rest  of  the  ootton-producing  area  has  a  summer  preoipitation 
varying  between  10  and  18  inches,  excepting  parts  of  Texas  and  the 
Indian  Territory,  where  it  is  less. 

Aa  regards  the  winter  rainfitll,  we  find,  as  in  summer,  the  densest 
area  about  the  Mississippi  delta,  12  to  18  inches,  whence  it  spreads  north- 
ward in  three  bands — one  through  Central  Alabama  and  Georgia  and 
along  the  eastern  slope  of  the  Appalachian  ch^n ;  the  second,  passing 
through  Northwest  Alabama  and  Northeast  Mississippi,  crosses  Oentral 
Tennessee  and  Kentucky  in  the  direction  of  Oineinnati ;  the  third  passes 
up  the  Mississippi  Biver,  mainly  to  the  west  of  that  stream,  to  the  lati- 
tode  of  Oairo. 

A  second  area,  of  above  12  inches,  is  seen  in  Texas,  passing  through 
Indianola  and  Austin,  and  a  third  in  Middle  Florida,  east  of  Appa- 
lachee  Bay. 

The  rest  of  the  ootton-prodncing  area  has  a  winter  rainfidl  varying 
between  8  and  12  inches,  excepting  the  western  part  of  Arkansas,  most 
of  the  Indian  Territory,  a  good  part  of  Texas,  and  a  portion  of  the  eastern 
part  of  the  Florida  peninsola. 

It  is  impossible  to  trace  any  very  close  relation  between  the  rainfall 
and  the  percentage  of  area  planted  in  cotton,  bnt  it  may  be  noted  tiiat 
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those  parts  wheie  this  percentage  is  10  and  above  have  a  summer  raln- 
&ii  bttow  14  inches,  and  a  vinter  rainfall  above  12  inches. 

Tempkbatubx. — ^Tbe  distribution  of  heat  in  the  cotton  States  is 
nearly  normal,  as  the  isothermals  foUov  approximately  the  parallels  of 
latitude,  the  departures  &x>in  this  re^arity  being  doe  (1}  to  the  heat- 
ing eCFeot  of  t^e  Gulf  Stream,  by  which  the  lines  of  equal  temperature 
are  elevated  or  deflected  northward  along  the  Atiantio  coast;  (2)  to 
the  cooling  effect  of  the  monntains,  which  caoses  a  depression  sonth- 
ward  of  these  lines,  as  may  be  seen  in  the  vicinity  of  the  Appalachians; 
and  (3)  to  the  accumoIatloQ  of  heat  in  valleya,  which  carries  the  iso- 
thermals  ap  these  valleys,  often  to  considerable  dietances  beyond  their 
normal  position.  With  these  general  principles  in  view,  it  will  be  easy 
to  nnderstaod  the  temperature  distribution  in  the  region  of  which  we 
are  writing. 

The  mean  annual  temperature  line  of  6S°  Fahr.  mns  nearly  parallel 
with  the  soathem  coasts  of  Alabama,  Mississippi,  Lonisiana,  and  Texas, 
where  theee  coasts  have  an  east  and  west  direction,  and  at  no  great  dis- 
tance north  of  this  shore  line.  In  Texas  it  la  carried  up  the  Bio  Grande 
Yalley,  beyond  the  102d  degree  of  vest  longitude. 

The  line  of  MP  follows  approximately  the  parallel  of  33°,  running 
north  of  it  near  the  coast  in  North  and  South  Oarolina,  because  of  the 
Atiantio  Ocean;  soath  of  it  in  Georgia  and  Alabama,  becanse  of  the 
influence  of  the  Appalachian  chain ;  it  is  carried  upward  by  the  Missis- 
sippi and  Bed  Biver  Valleys,  bending  downward  on  each  side  of  them, 
being  deflected  &r  to  the  south  beyond  Bed  Biver,  in  Oentral  Texas, 
by  the  Loflnence  of  the  western  mountains. 

The  line  of  60°,  starting  from  the  coast  of  N'orth  Carolina  a  little 
north  of  the  36th  parallel,  crosses  that  State  diagonally  to  the  eastern 
foot  of  the  Appalachian  range,  around  the  sonthem  end  of  which  it 
sweeps  In  a  great  curve  which  passes  below  Talladega  in  Alabama,  and 
bends  northwestward  to  TSew  Madrid,  Mo.,  whence  it  runs  westward 
approximately  along  the  36th  parallel  through  the  Indian  Territoiy 
into  Texas,  ^1  turned  southward  like  the  preceding  in  the  western 
part  of  that  State. 

The  isothermals  between  62°  and  66°  lie  generally  north  of  the  cot- 
ton States,  except  in  the  Appalachian  region  of  Berth  Carolina,  Ten- 
nessee, Oeor^a,  and  Alabaoia,  and  the  central  parts  of  Tennessee  and 
Eentnoky,  bat  in  none  of  these  localities  is  the  production  of  cotton 
on  any  large  scale,  except  in  Western  North  Carolina,  the  valley  of  the 
Ghatl^oodiee  in  Georgia,  that  of  the  Tallapoosa,  Coosa,  and  Tennea- 
see  in  Alabama,  and  a  part  of  the  central  basin  of  Tennessee,  where 
the  mean  annnal  temperature  is  between  56°  and  60°. 

The  isothermals  for  the  summer  are  &r  less  regular  than  those  of  the 
year.  Thus  the  sammer  line  of  80°,  starting  at  the  coast  near  Charles- 
ton, runs  westward  to  Macon,  Ga. ;  thence  south  to  Tallahaseee,  Fla.; 
tiWDce  diagonally  across  Alabama  to.Toscaloosa,  to  which  it  is  raised 
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by  the  Alabama  and  Tombigbee  Rivera,  and  though  partly  kept  ap  by 
the  Chjckasawhay  and  Pearl  Bivera,  bends  then  sontb  neariy  to  Baton 
Booge.  Up  the  MisHissippi  Valley  it  is  carried  nearly  to  the  36th  par- 
allel, and  after  slaking  below  the  33d,  is  carried  again  by  the  Bed 
Hirer  Valley  beyond  the  36th  parallel  in  the  Indian  Nation,  vhence  it 
bends  around  southwest  approximately  parallel  to  the  Texas  coast,  till 
carried  fitr  ont  to  tbe  west  along  the  Pecos  and  Bio  Grande. 

The  rest  of  the  cotton-producing  territory  of  the  United  States  is 
included  between  tbe  summer  lines  of  76<^  and  8(K>,  excepting  where  the 
Bine  Bidge  in  Western  Korth  Carolina  and  Northern  Georgia  and  tbe 
Cumberland  Mountains  of  Tennessee  cause  a  great  southward  exten- 
sion of  the  summer  mean  of  68°  to  72°,  and  where,  along  the  eastern 
slope  of  the  Bine  Bidge  in  North  Carolina  and  Georgia,  around  its  end 
in  Alabama,  and  between  the  Blue  Bidge  and  tbe  Cumberland  ranges 
in  tba  valley  of  Ea«t  Tennessee,  and  on  t^e  western  slope  of  the  Cum- 
berland in  Middle  and  Western  Tenueasee  and  Kentucky,  and  sonth- 
waird  on  the  water-shed  between  the  Tombigbee  and  Yazoo  in  Missis- 
sippi, the  mean  summer  temperature  ifl  between  72°  and  76°. 

In  view  of  the  probable  influence  of  the  winter  temperatures  in  de- 
termining the  place  of  hibernation  of  the  cotton  moth,  it  has  been 
thought  best  to  transcribe  upon  one  of  the  maps  accompanying  this 
article  the  lines  of  equal  temperature,  daring  the  winter  mouths,  for 
eVBiy  fourUi  degree,  from  2&°  to  72°  Fabr.  These  lines,  as  well  as  the 
data  upon  which  tbe  above  account  of  the  climate  of  this  region  has 
been  compiled,  have  been  taken  from  the  Smithsonian  Contributions, 
Vols.  XVIII,  XX,  and  XXI. 

It  will  be  seen  that  these  winter  lines  show  the  comparatiTe  regular- 
ity of  those  of  the  annual  means ;  they  are  carried  northward  by  the 
influence  of  the  Gulf  Stream  along  the  Atlantic  coast,  and  by  the  vari- 
ous large  rivers  in  the  west,  while  they  are  carried  southward  by  the 
mountains  and  high  table  lands. 

The  chart,  however,  presents  all  these  focts  much  more  clearly  than 
can  be  done  by  any  verbal  description. 

Gbolooioai,  Sketoh.— Through  North  and  South  Carolina,  Tennes- 
see, and  Georgia  passes  the  great  monntain  chain  of  the  App^achiaus, 
terminating  in  Central  Alabama.  The  most  elevated  parts  of  this  chain, 
and  its  southeastern  or  Atlantic  slopes,  are  formed  of  the  crystalline  or 
metamorphio  rocks,  while  the  opposite  or  northwestern  slope  is  made 
up  of  the  strata  of  tbe  Silurian  and  other  Paleozoic  formations. 

Westward  of  the  Appalachian  region  of  elevation  these  Paleozoic 
rocks  underlie  the  country  to  the  central  part  of  Texas,  not,  however, 
contiuaoosly  through  the  cotton-producing  States,  but  interrupted  by 
one  great  gap,  which  reaches  up  the  axis  of  the  Mississippi  Biver  as 
far  as  the  mouth  of  tbe  Ohio. 
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Theonter  margin  of  these  older  formations  is  near  the  following  towns: 
Baleigh,  Colombia,  AngoBta,  Macon,  Colombns,  Wetnmpka,  Centerrille, 
and  Tuscaloosa,  whence  it  tniuB  northward  throagh  Tennessee,  meeting 
the  present  Mississippi  at  Cairo,  and  thenoe  throagh  Little  Bock  south- 
westward  as  Ikr  aa  Central  Texas. 

In  the  waters  off  the  sinnons  shore-line,  thus  outlined,  of  the  ancient 
continent  were  deposited  in  snccession  the  sediments  which  constitute 
the  newer  formations,  Cretaceous  and  Tertiary.  By  the  gradual  eleva- 
tion of  this  part  of  the  continent  these  deposits  were  added  to  the  land 
area  already  existing,  and  the  shore  line  moved  outward,  at  least  as  far 
as  its  present  position. 

By  a  sabseqnent  depression  these  newer  formations,  and  the  lower 
edge  also  of  the  older,  were  submerged  and  covered  with  deposits  of 
sand,  pebbles,  day,  and  loam,  bronght  down  from  northern  latitudes. 

Upon  these  deposits  some  of  the  cotton  States  depend  for  their  most 
important  soils,  and  th^will  hence  be  again  subject  of  special  mention 
below. 

Lastly,  a  re-elevation  gave  to  the  continent  its  present  outlines. 

TopooBAPHT. — ^The  really  monntainons  portion  of  the  cotton  States 
is  oonflned  to  the  Appalachian  region,  in  which  ihe  strata  have  been 
thrown  into  folds,  &»nlted,  and  elevated  many  hundred  feet  above  the 
general  land  surface.  The  main  topographic^  features  of  this  region 
conform  in  direction  to  that  of  the  folds  originally  impressed  upon  its 
strata,  i.  0.,  northeast  and  southwest.  The  unyielding  nature  of  many  of 
die  rocks  and  their  altematiou  with  others  more  easily  eroded  have  like- 
wise had  their  influence  in  determining  the  character  of  the  soenery. 

This  region,  as  already  stated  above,  is  composed  partiy  of  the  meta- 
moiphic  roeks,  and  partly  of  the  uncrystalUzed  Paleozoic  strata.  The 
highest  mountains  of  this  chain  are  formed  of  the  oiystalline  slates. 

Outside  of  the  Appalachian  region  the  Paleozoic  roeks  are  approxi- 
mately hoiiisontal,  and,  where  th^  make  the  country,  tlie  topography  is 
the  result  of  erosion  simply,  and  is  very  little,  if  at  all,  modified  by  the 
geological  structure. 

This  whole  area  has  ageqtle  slope  away  from  the  Appalachian  axis, 
and  there  are  nowbeie  within  its  limits  elevations  of  any  considerable 
magnitude  as  compared  with  those  of  the  preceding  division. 

The  presence  of  sandstones  and  beds  of  hard  cherty  limestone  among 
theae  strata  gives  rise,  however,  to  varied  scenery  of  the  moat  pleasing 
character. 

The  newer  rocks  have  a  gentie  dip  away  from  the  Paleozoic  border. 
Their  elevation  is  in  general  less  than  600  feet  above  the  sea,  and  the 
scenery,  as  in  the  preceding  instance,  is  solely  the  result  of  erosion. 

The  mantle  of  sands  and  loams  which  covers  these  newer  rocks  gives 
additional  nniformity  to  the  topographical  features,  which  are  almost 
entirely  independent  of  the  character  of  the  underlying  beds.  The 
broken  and  almost  mountainous  region  produced  by  the  hard  sandstones 
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of  the  Lover  Tertiary,  and  the  low  basm  or  trough  of  the  Oretaceoos 
are  the  priocipal  exoeptiona  to  this  mufonnity. 

Tbrongh  alt  this  region  of  the  newer  rocks  there  are  alternations  i^ 
nearly  level  table  lands  of  500  to  600  feet  elevation  above  tide,  bordored 
by  red  clay  and  pebbly  hills  where  the  table  lands  break  off  towarda 
tiie  water  conrses. 

The  most  recent  formations,  along  the  aHuvial  plains  of  some  of  the 
larger  rivers  and.in  the  vicinity  of  ttie  0-aIf  coast  in  Texas  and  Loais- 
iana,  have  almost  a  dead  level  sorface. 

The  topographical  features  are  thus  seen  to  be  in  great  measore,  and 
particularly  within  the  hydtographical  basin  of  the  Mississippi,  the 
result  of  erosion  simply. 

The  drainage  of  the  greater  part  of  the  cotton -prodnoing  area  is 
into  the  Gulf  of  Mexico,  and  the  Mississippi  Eiver  the  principal  chan- 
nel. 

The  waters  of  the  Oarolinas  and  Eastern  Georgia  and  Eastern  Florida 
find  their  way  into  the  Atlantic. 

Soils. — ^The  soils  which  are  planted  in  cotton  may  be  divided  into 
two  great  classes. 

Those  of  the  first  class  rest  directly  apon  the  rocks  from  which  they 
have  been  derived,  or  at  most  have  been  very  little  removed  &om  their 
original  places ;  and  hence  they  are  in  composition  closely  related  to 
the  underlying  rocks,  and  vary  from  place  to  place  as  these  vary. 

The  soils  of  the  second  class  have  been  transported  firom  their  place 
of  origin,  and,  as  a  rule,  rest  now  upon  rocks  vrith  which  they  have  little 
or  no  genetic  relation. 

Resulting,  as  they  do,  iVomthe  commingling  of  the  detritus  of  widelj- 
Beparated  and  very  different  rooks,  these  soils,  over  great  areas,  present 
Bubstantialty  the  same  features,  irrespective  of  the  particular  geological 
formations  upon  which  they  have  come  to  rest. 

In  general  terms,  the  Paleozoic  formations  possess  soils  which  have 
resulted  firom  the  decay  of  the  rocks  of  the  country,  while  the  newer 
formations  Lave  been  covered  with  a  mantle  of  sands,  pebbles,  and 
loams,  which  have  boon  brought  from  greater  or  less  distAuces,  and 
which  in  a  great  measure  form  the  soils  and  subsoils  over  the  entire 
area,  with  the  few  exceptions  presently  to  be  noticed.* 

The  drift  soils  above  named,  while  similar  in  composition  over  large 
areas,  are  nevertlieless  in  places  modified  by  admixtures  with  the  pro- 
ducts of  the  disintegration  of  the  underlying  Cretaceous  and  Tertiary 
rocks,  and  in  certain  localities  these  disintegrated  rocks  themselves 
constitute  the  soils,  as  in  the  black  prairie  region  of  Alabama  and  Mis- 
sissippi, and  in  some  of  the  Tertiary  prairies  of  these  States. 

*  It  li  tuirdly  neoMury  to  uy  that,  vith  refareauo  to  tbe  Drift  1»da  tma  vblch  they  *re  deiircd, 
tkMB  aoUi  ftbo  ue  MdBUtaiy  or  In  plue.  ud  the  beds  of  the  Drift  an,  aceoisMly  ■iimliliin,  ■■  miudi 
lookiaakte.  foili»tuic«,  tha  llmeatone*  of  tha  SUnriui  4gei  Mill,  tram  oar  point  of  Tlair,  the dlv 
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Near  the  coast  in  Looisiana  and  Texas,  and  io  somo  parta  of  the  alla- 
vial  region  of  the  Misaisaippi  and  its  tribntary  rivPTS,  the  Drift  itself  is 
tarn  has  been  covered  vith  still  more  recent  deposits,  a  kind  of  river- 
Bwamp  or  Oolf-swamp  formation,  from  which  some  of  the  most  impor- 
tant soils  of  these  localities  have  been  directly  derived. 

AoRiOTTLTTTBAi,  BDBDrvisiONS. — The  agrictUtaral  characters  of  the 
Cotton  States  may  be  described  nnder  the  fallowing  heads : 

1.  Ths  alluvial  region,  including^ 

a.  The  alluvial  region  of  the  Mississippi  and  other  large  rivers. 

b.  The  marsh  region  of  the  coast  and  lakes. 

2,  The  lower  prairie  region,  inclnding — 

a.  The  central  prairies  of  Lotdsiana  and  the  coast  prairies  of 

Texas. 

b.  The  prairies  and  savannas  of  Florida. 

e.  The  Uano  estaeado  and  gypsum  lands  of  Texas  and  the  Indian 
Territory. 
8.  The  long-lot/ pine  region,  including — 

a.  The  long  leaf  pine  liUla  and  flata. 

b.  The  oak  and  hickory  uplands  vith  long-leaf  pine. 

o.  The  hammocks  of  Florida;  the  shell  prairies,  lime  hills,  and 
red  lime  lands  of  Mississippi,  Alabama,  and  Florida. 
4.  The  oak  vplands  region,  incloding — 

a.  The  oak  and  hickory  uplands  with  short-leaf  pine. 

b.  The  table  lands  of  Mississippi  and  Tennessee,  and  the  Oane 

Hills  or  Bluff  region. 
IS.  The  vpper  prairie  region,  including — 

a.  The  black  Cretaceous  prairies  of  Texas,  Mississippi,  and  Ala- 

bama. 

b.  The  blue  marl  lands  and  bill  prairies  (Pontotoc  Bidge  and 

Chunoenngga  Kidge  of  Mississippi  and  Alabama). 

6.  The  red  and  brown  loam  region,  based  on  the  older  limestone  forma- 
tions, incloding — 

a.  Theredloam  lands  of  the  Tennessee  BasiDjOfthevalleyof  East 

Tennessee,  of  the  Goosa  Valley,  and  of  the  Tennessee  Valley 
in  Korth  Alabama. 

b.  The  red  loam  uplands  and  prairies  of  Arkansas,  Indian  Terri- 

tory, and  Texas. 

7.  The  tandg  and  ailiceoua  lands  of  the  older /ormation»,iDc\aAmg — 

a.  The  cherty  limestone  lands  and  "  barrens"  of  Tennessee,  Qoor- 

gia,  and  Alabama;  the  cherty  lands  and  their  prairies  of 
northern  Arkansaa. 

b.  The  Oarboniferons  sandstone  stnl^  of  Alabama,  Tennessee, 

and  Georgia. 
0.  The  sandy  prairie  region  al  Inditm  Territory. 

8.  The  gneiame  region. 
63  cowG 5 
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Before  proceeding  to  the  deBoriptloii  in  detail  of  the  agricoltoral  re- 
gions above  enomerated,  it  will  be  convenient  to  give  a  Bhort  fMicoimt 
of  the  chief  botanical  characters  of  the  different  parts  of  the  ootton-pro- 
dnciog  area,  and  this  I  am  enabled  to  do  through  the  conrtesy  of  Dr. 
Charles  Mohr,  of  Mobile,  Ala.,  special  census  agent,  to  vhom  I  am  in* 
debted  for  the  following  notes.  It  is  proper  to  state  that  these  notes 
refer  particularly  to  the  States  of  Texas,  Lonisiana,  Hisslsaippi,  Ala- 
bama, and  Florida. 

It  will  be  seen  that  the  regions  of  forest  growth  of  Dr.  Mohr  corre- 
spond in  the  main  -vnth  the  agricoltnral  regions  above  given. 

BKQIOKB  OF  FOBBBt  OSOWTH. 

a.  More  or  less  open  oak  woods,  as  the;  prevail  .on  the  highlands  of 
Alabama,  with  Pinut  mitia  and  P.  taeUt ;  the  long-leaf  pine,  P.  avtU'alit, 
ocoorring  on  the  cherty  and  sandy  ridges  and  on  the  qnartzose  ranges 
of  the  eastern  part  of  the  State.  As  npland  oaks  the  following  species 
are  inclnded:  Queroua  priniu,  moantain  oak;  Q.  Muklenbergii,  chestnut 
oak ;  Q.  tinctoria,  black  oak ;  Q.  stellata^  post  oak ;  Q.  nigra,  black-jack. 
The  hickories  are  Oarya  amara,  0.  tomentoga,  C.  pordna. 

The  other  accompanying  trees  are  the  various  baws,  tlie  snow -drop 
tree  {HaUtia)i,  the  sour-wood  (Oxydendrum  arboreum),  and  several  ftpe- 
cies  of  Comut  and  Ilex.  Varions  species  of  Azalfa  and  huckleberries 
make  up  the  arborescent  and  shrubby  growth. 

In  the  mountains  Imrdering  on  the  valley  of  the  Tennessee  and  all 
the  deeper  valleys  of  the  monntainons  region  of  Korth  Alabama,  where 
the  limestone  prevails,  large  buckeyes  [^aculut  jlava  and  glabra)  make 
their  apiiearance,  with  the  Magnolia  cordata,  and  the  cucumber  trees 
{Magnolia  maerophylla  and  acuminata)  And  here  their  fullest  growth; 
and  nowhere  are  found  the  black  walnut,  white  oaks,  black  oaka^  and 
poplars  {XAriodendrvn)  in  greater  perfection,  associated  with  the  linden 
or  basswood.  This  region  includes  6,  7,  and  8  of  the  agricnltural  sub- 
divisions given  above. 

b.  Rich  bottom  lands  as  represented  by  the  alluvial  lands  of  the 
Mississippi  Biver  and  the  Mississippi  and  Yazoo  Deltas,  and  the  less 
heavily  timbered  flat  lands  of  southwestern  Lonisiana.  The  cypress 
swamps  follow  the  banks  of  the  rivers  in  their  lower  courses  (mostlj' 
below  the  33d  degree  of  north  latitude,  except  in  the  extensive  cypress 
swamps  of  the  Yazoo  Delta,  which  reach  as  high  as  35°).  These  swamps 
have  an  average  width  of  3  miles  on  each  side.  In  their  courses  north- 
ward the  bottoms  are  more  restricted,  and  consequently  the  cypress 
swamps  are  rarer  and  cover  a  smaller  area.  This  region  corresponds 
with  our  division  No.  1  a. 

c.  The  more  or  less  level  table  lands,  with  rich  soil,  once  coveretl 
with  heavy  forests  of  oaks,  poplars,  and  beech,  like  the  rich  lands  be- 
tween the  pine  hills  and  bluffs  bordering  the  Yazoo  Delta,  in  centnJ 
Mississippi.    These  are  the  table  lands  Ko.  4  b  above. 
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d.  Of  a  amiilar  character,  bat  aomevhat  less  heavy,  ia  the  tree  growth 
upon  the  lands  in  central  Alabama  and  eaatem  Mississippi,  of  the  Cre- 
taceoQS  plain,  corresponding  to  onr  sabdivision  'So.  6  a,  or  tibe  black 
prairie  region.  This  region  is  now  ahnost  denuded  of  its  original  for- 
est growth,  as  are  also  the  lands  of  tiie  preceding  diyision ;  and  it  is 
only  in  the  bottoms  of  the  larger  streams,  more  or  less  diffionlt  of  ac- 
cess, that  the  dense  and  heavy  forests  are  still  found  ontonched  by  the 
woodman's  ax. 

e.  Prairies  and  grassy  savaiAas,  more  or  less  wet,  east  of  the  Trin- 
ity Biver,  and  in  the  coast  plains  of  soatheaat  Texas  and  sonthwest 
Looiaiana  and  the  glades  of  Florida  High  and  dry  ridges  of  liTe-oak 
scmb,  with  mesquite  bosbee,  in  tlie  prairie  region  of  western  Texas. 
This  divisioQ  corresponds  with  No.  2  above. 

/(a).  Begion  of  the  long-leaf  pine  (Pinut  australit). 
In  the  coast  plains  of  East  and  West  Florida  the  long-leaf  pine  is  as- 
sociated with  the  Caban  pine,  aodontbe  most  infertile  and  arid  ridges, 
with  the  torkey  oak  {Q.  Cateebai).  Open  forests,  with  no  nndergrowth 
on  the  rolling  lands ;  with  a  dense  smaller  growth  of  evergreens  iu 
the  marshy  dopressions  and  along  the  streams,  particularly  towards 
the  coast.  TLese  evergreens  are  Ti-ti  {Oliftonia  liguttrina),  Magnolia 
'glauea,  M.  grandijtora;  varioos  species  of  Hex,  lllieium  Jhridimum, 
Vaodniams,  Andromeda,  sweet-leaf  Bumelia,  white  cedar  [Juniperut 
tfcyoida),  Sk-    This  is  onr  division  So.  3  a. 

/  (b).  Upper  pine  region  or  region  of  mixed  growth.  On  the  sili- 
ceoos  ridges  of  the  Drift  and  Tertiary,  the  long-leaf  pine  prevails.  In 
the  more  fertile  marly  and  oaloareons  lands,  the  upland  oaks  with 
Tftrions  other  decidnoas-Ieaved  trees  preponderate  and,  mixed  with 
some  short-leaf  pine  and  spmoe  pine  (P.  giabra),  form  dense  and  often 
heavily  timbered  woods.  The  nndergrowth  is  mostly  heavy.  This  is 
om*  division  So.  3  b. 

g,  Begion  of  the  short-leaf  pine  (i*.  mitis).  The  latter  in  easturn 
Texas  often  replaced  by  the  loblolly  pine  (P.  taxla).  Fines  largely  pre- 
vailing with  oaks  and  mookemat  and  pignnt  hickories  (Ctomemtoaa  and 
C.  glaifra).    Undergrowth  mostly  dense.    This  ia  ITo.  4  a. 

h.  The  more  or  less  Btnnt«d  oak  woods  covering  the  gravelly  and 
sandy  lidges  on  the  borders  of  the  arid  praiiie  region  of  western 
Texas.  Mostly  black  oak,  post  oak,  and  blae-jack  {Q.  oinerea).  This 
woold  correspond,  in  part  at  least,  to  the  red  loam  rugion,  So.  6  c. 

B.-DESCBIPTIOH  OF  THE  AaBICULTimAL  BUBDITISIONS.* 
1.  TirK   JXLUTIAL  KBGION. 

This  region  embraces  some  of  the  most  fertile  lauds  of  the  Cotton 
States,  uid  the  most  serious  trouhle  connected  with  their  cultivation 
arises  from  their  liabiliry  to  be  submerged  at  certain  seasons  of  the  year. 

'li  Uie  pispantiOD  of  thla  dcKTiptian  I  hsvs  mads  free  nie  of  tlic  raaterul  co11>M:ted  undei  tho 
'uplMi  erf  Um  Cuinu  0fllc«  (or  Dr.  EIIg>Td'(  Beport  do  CettOB  ProdDiitioB  i  bol  1  Bin  tinder  speoM 
dMIiMIdm  to  Dr.  B.  B.  Loaghbrldge  for  notsi  o 
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A.  The  alluvial  region  of  tke  MissUsippi  and  other  large  riven. — These 
lands  bare  a  dnrine^owtb,  conniBtrng  of  swectgum,  water,  willow,  red 
anil  swamp  clipRtnnt  oatn,  dogrrood,  aab,  elm,  maple,  haukbony,  &c 

These  allnvial  lands  coimtitate  a  nearly  level  x>1^ii>  intersected  by 
DnmberlesB bnyOQB.  Tbe  liighest  lands  are  nearest  to  tliewater-couriieii, 
wlience  they  slope  gently  towards  the  cyiiress  swamp,  wblcb  commonly 
occupies  the  central  parts  between  two  contiguona  bayous.  Wbore  the 
allavial  plain  is  very  wide,  islands  or  low  ridges  of  uplands,  with  char- 
acteristic «ak8  and  short-leaf  pine,  break  the  mouotony  of  the  other- 
wise level  plain.  Crowloy'a  BJdge  in  Arkansas  may  be  cited  as  an  ex- 
ample. 

The  typical  bottom  soil  is  the  no-called  "bnckshot  clay,"  named  from 
the  circumstance  that  in  drying  it  breaks  up  into  small  fragments  about 
the  size  of  baokabotL  This  soil  api>ears  to  be  the  sediment  which  forms 
tiie  ancient  river  plain,  and  it  is  most  profusely  fertile. 

Near  the  larger  streams  the  soli  is  more  sandy,  and  this  sandinesa 
decreases  towards  the  cypress  swamps,  which  in  general  have  a  heavy, 
clayey  soil,  somewhat  like  the  buckshot  soil,  but  which,  Irom  liability 
to  overflow,  are  very  little  in  cultivation. 

The  cultivation  of  these  bottom  lands  is  mostly  confined  to  the  narrow 
strip  usually  above  overflow,  lying  contiguous  to  the  streams,  and  called 
tbtfrontland.  The  backland  intervening  between  this  and  the  cypreat 
twamp  is  sometimes  also  in  cultivation,  but  is  rather  liable  to  overflow. 

The  quality  of  the  soils  varies  between  wide  limits,  the  buckshot  soil 
repreeenting  the  one  extreme,  while  light,  siliceous,  silty  soils  represent 
the  other. 

b.  The  marah  lands. — These  are  asnally  devoid  of  large  trees,  but 
are  occupied  by  rushes  and  sedges.  They  are  oomparatively  little  in 
cultivation  and  need  not  be  further  described. 

2.  THE  LOWEB  PBAIBIE  BEGION. 

TToder  tliia  heading  are  included,  besides  the  lower  prairies  of  Lod- 
isiana  and  Texas,  the  savanna  and  prairie  lands  of  Florida,  and  the 
Uano  estacado  and  gypsum  lands  of  Texas  and  the  Indian  Ifation. 
These  latter  have  very  little  in  common  with  the  preceding  except  the 
absence  or  grent  scarcity  of  timber. 

With  the  exception  of  the  coast  prairies,  they  are  of  no  importanoe 
in  tbo  cultivation  ofXK>tton,  and  require  no  special  notice. 

a.  The  central  and  coast  prairies. — In  Louisiana  these  are  of  threefold 
character — black  cailcareous  prairies,  brown  loam  prairies,  and  gray 
silt  prfdries.  In  Texas  the  coajst  prairies  are  chiefly  of  the  flrst  sort^ 
bat  in  the  eastera  part  of  the  State  there  are  also  some  of  the  gray  ult 
or  pine  prairies. 

In  these  prairies  the  soil  varies  from  a  blaok,  calcareous  loam  to  a  fljw, 
light-colored  silt.    They  are  usually  nearly  level  -and  devoid  of  trees, 
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except  an  occasional  motte  of  live-oalc,  and  in  the  tiilt  2?rairiea  a  few 
loDg-leaf  pines. 

In  fertility  the  soils  vary  greatly,  the  black  prairie  being  quite  fer- 
tile; the  others  are  less  so,  bat  none  are  very  extensively  coltirated. 
The  whole  regioa  is  thinly  settled. 

The  soila  are  derived  from  the  clays  and  other  sediments  of  the  Port 
Hudsou  group,  which  also  yield  the  soUb  of  the  alluvial  region  of  the 
rivers  above  tnontioned. 

The  silt  prairies  are  nsnally  ill-drained  and  little  cnltlvated. 
A  strip  of  this  kiud  of  land  lies  between  the  Arkansas  &nd  White 
Bivers,  in  the  State  of  Arkansas. 

b.  Savannfu  and  prairies  of  Florida. — These  are  treeless  regions,  low- 
lying  and  nearly  level.  The  prairies  are  clothed  with  a  carpet  of  grass 
and  make  the  best  pasture  lands ;  the  savannas  are  usually  covered 
during  a  great  part  of  the  year  with  water,  and  present  the  appearance 
of  grassy  lakes.  The  Florida  everglades  consist  of  a  labyrinth  of 
maruhes  and  savannas,  intersected  by  extensive  lagoons  and  lakes. 

None  of  these  are  of  importance  in  cotton  cultivation,  except  that 
apou  Bome  of  the  prairies  the  sea-island  or  long-staple  cotton  isprodaoed 
to  a  limited  extent. 

c.  The  ffspsum  lands  and  staked  plain  of  Texas  and  tke  Indian  yation. — 
The  gyiisum  landtt  are  slightly  rolling,  with  I'ed  loam  soils,  and  are 
almost  destitate  of  Umber.  The  plain  is  interspersed  with  hills  in  which 
heavy  beds  of  red  clay  and  gypsum  appear. 

The  llano  estacado  and  table  lands  of  Texas  are  in  all  probability  of 
Cretaceous  age,  since  the  Botten  limestone  with  ita  characteristic  fossils 
ap[)ear8  in  the  deep  cafions  of  the  south.  This  plain  is  very  nearly  level, 
devoid  of  trees,  and  almost  of  water  and  grass,  with  some  prominent 
sand  hills  or  duues  along  the  north  of  the  region,  and  also  on  the  east 
of  the  Pecos  River. 

lu  addition  to  the  stbove,  the  western  portion  of  the  red  loam  region  of 
ArkausEis,  ludian  Territory,  and  Texas,  which  rests  upon  the  Oarboui- 
ferous  formation,  asanmes  the  characters  of  a  prairie.  See  fhrther  under 
"Red  loam  region  (fl)." 

S.  THE  LOHG-I^AP  PINE  BEOIOK. 

This  division  occupies  a  belt  of  width  varying  from  76  to  150  miles, 
and  extending  from  eastern  Texas  to  Virginia  along  the  Golf  and 
Atlantic  coasts. 

Its  two  most  prominent  subdivisions  are  based  upon  the  proportionB 
existing  between  the  long-leaf  pine  and  the  upland  oaks  among  the 'im 
ber  trees.     These  subdivisions  are — 

a.  The  long-leaf  pine  hills  and  flats; 

b.  The  oak  and  hickory  uplands  with  long-leaf  pine; 

0.  The  hammocks  of  Florida,  shell  prairies,  lime  hills,  and  red  lime 
lands  of  Mississippi,  Alabama,  and  Florida. 
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Of  these,  the  first  ocoapies  th«  region  nearer  the  coast,  tlie  seoond 
forming  a  sort  of  transition  to  the  oak  aplands  of  the  Paleozoic  forma- 
tions, while  the  third  appears  in  detached  bodies  in  the  long-leaf  pine 
region. 

a.  Long-Uttfpine  hiUa  and  JiaU. — As  is  indicated  b;  the  name,  the  long- 
leaf  pine  forma  the  preraUmg,  and  in  places  the  ezolasive,  timber  over 
this  whole  region.  It  is  associated  with  black-jack  and  post  oaka  and 
occasionally  with  the  short-leaf  pine,  which  makes  its  appearance  wher- 
ever there  is  a  slight  improvement  in  the  quality  of  the  soiL 

In  the  vicinity  of  the  coasts  the  surface  is  nearly  level,  or  at  most 
gently  nndnlating,  rising  northward  and  inland  into  a  somewhat  bro- 
ken and  hilly  country  apon  which  the  pine  is  always  the  oharacteristae 
growth.    Along  the  coasts  the  Oaban  pine  also  is  common. 

The  soil  is  mostly  a  very  light  sandy  loam  of  little  fertility  or  dura- 
bility. Th^i  cultivated  Iwds  are  generally  confined  to  the  creek  bottoms 
and  other  low-lying  lands,  though  some  of  the  nplands,  especially  where 
there  is  a  miztnre  of  the  upland  oaks  and  hickories  among  the  trees,  ate 
planted  in  cotton,  and  with  sacceas,  particularly  where  commercial  fer- 
tilizers are  used. 

The  open  pine  woods  support  a  flue  growth  of  ontntioas  grasses  and 
leguminous  plants,  and  hence  bSotA  excellent  pastures  for  cattle  and 
sheep. 

These  open  forests  have  very  little  andergrovth  on  the  rolling  lands, 
bat  a  dense  growth  of  evergreens  in  the  marshy  depressions,  and  along 
the  streams. 

The  most  common  of  these  shrubs  aud  trees  are  mentioned  above,  in 
the  section  treating  of  the  forest  growths. 

b.  Oak  and  hickory  uplands  mih  long-leaf  pine. — The  region  in  which 
the  long-leaf  pine  with  black-jack,  post,  aud  high-ground  wiUow  oaks 
form  the  timber  is  interspersed  with  tracts  more  or  less  extensive,  tu 
which  the  other  species  of  upland  oaks  are  associated  with  the  pine, 
and  this  association  becomes  almost  universal  in  the  upper  districts, 
and  has  given  occasion  to  the  recognition  of  this  region  of  mixed  growth 
as  a  distinct  agricultural  subdivision. 

The  surface  is  generally  broken,  and  a  red  or  yellow  loam  forms  the 
top  stratam  of  the  drifted  mateiials  which,  throughout  the  pine  region, 
have  been  spread  over  the  lower  and  older  rocks. 

The  soils  vary  from  a  tolerably  fertile  loam  of  brown  to  reddish  colors 
in  the  best  uplands  to  a  sandy  light  loam  in  the  poorer  spots,  and 
their  distribation  may  be  partly  explained  by  the  fiallowing  consider- 
ations: 

The  Paleozoic  formations  of  the  Ootton  States  are  bordered  towards 
the  coasts  with  a  belt  of  drifted  materials  consisting  of  sand,  pebbles, 
and  a  red  or  brown  loam.  Of  these  materials  the  pebbles  are  mostly 
confined  to  the  vicinity  of  this  ancient  shore  line,  except  where  they  ap- 
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pe&r  to  have  been  sabseqaently  takeu  up  and  redeposited  further  down 
the  uonises  of  some  of  the  principal  streams. 

The  red  loam  also  appears  in  greatest  fonse  and  most  characteriti- 
tically  alODg  the  same  line,  while  the  sands  have  been  spread  mach 
farther  oatward. 

Where  the  red  loam  is  the  surface  material  the  growth  consists  of  the 
apland  oaks  and  short-leaf  pine ;  where  the  sands  prevail  the  long-leaf 
pine  becomes  characteristic,  so  that,  in  general  terms,  the  oak  growth 
follows  the  margin  of  the  older  formations,  while  the  pine  pievails 
farther  oatward  toward  the  coasts.' 

As  has  been  said  above,  the  red  loam  is  nsnally  foand  as  the  uppermost 
stratam  of  the  drifted  materials,  and  where  in  the  drainage  areas  of  the 
Btreama  this  capping  of  loam  has  been  washed  away  so  as  to  bringto  the 
snr&ce  the  underlying  sandier  strata,  the  natural  growth  gives  evi- 
dence of  the  deterioration  of  the  soil  in  the  association  of  the  long-leaf 
pine  with  the  oUier  timber,  and  in  its  complete  replacement  of  the  other 
trees  in  the  sandiest  localities. 

These  strips  and  patches  of  pine  land  interlace  so  intricately  with 
the  oak  and  hickory  lands  as  to  render  any  accurate  mapping  of  them 
impossible  without  close  and  detailed  surveys. 

c.  Hammoeka,  <&c. — (1)  Hammocks.  In  the  long-leaf  pine  region  of 
Florida  there  are  pat^^es  of  land  in  which  there  is  a  Inxariant  growth 
oi  watOT,  willow,  white,  live,  and  other  oaks,  hickories,  sweet  gums,  and 
other  hard  woods.  Such  areas  are  called  hammocks,  and  they  are  ex- 
tiemely  fertile,  forming  amongst  the  very  best  of  the  cotton  lands  of 
tiie  State.  The  hammocks  are  prodaoed  by  the  reaction  of  tba  lime- 
stone, which  anderties  the  State  of  Florida,  upon  the  sandy  loam  which 
forms  the  soil,  and,  according  to  their  position,  are  called  high  ham- 
mocks, tow  hammocks,  and  Gulf  hammocks,  and  their  yield  in  cotton  is 
frequently  as  high  as  a  bale  to  the  acre. 

The  sea  island  or  long  staple  variety  la  almost  exclusively  produced 
npon  the  hammock  lands,  except  in  the  red  clay  hammocks  (as  they  are 
called)  of  the  upper  part  of  the  State,  aroand  Tallahassee  and  other  lo- 
calities. These  hammocks  are,  however,  about  the  same  as  the  mixed 
oak  and  hickory  and  pine  lands  above  mentioned. 

(2)  Shell  Prairies,  Lime  Hills,  and  Bed  Lime  Lauds  of  Mississippi, 
Alabama,  and  Northern  Florida.  The  Tertiary  rocks  of  these  States 
in  places  react  npon  the  overlying  loams  in  such  a  way  as  to  produce 
highly  fertile  calcareous  lands,  usaally  of  rather  limited  extent,  and  in 
detiiched  bodies  among  the  prevailing  pine  lands.  In  some  countries 
these  form  the  best  of  the  cotton  lands. 

■  la  AlAlMmft,  0«OTeU,  SoDtb  ud  Sorcb  Carolina  tbe  Ull?  iwlt  (with  wad  ud  pebbles),  whlcb  bot- 
dna  tba  oldsr  formatloM,  ha*  oooulonaUy  t,  pieponderuicfl  of  long-leaf  pins  unong  the  timber  trees. 
ttoogh  the  fiBtm  ue  bare  Id  plaoe*  uaoeisMd  with,  wid  svea  leplaeedbjr,  Uia  oak  and  MaXot;  gnwtb 
of  Uu  better  olaai  ot  nplandi. 
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This  snbdiTiBion  inclades  some  of  tlie  bestcotton  lands  in  Texas,  Lon- 
isiana,  Arkansas,  Missiaaippi,  and  Alabama.  The  top  soil  is  a  brown  or 
reddish  loam  which  overlies  the  sauda  and  pebbles  of  the  Drift,  as  above 
mentioned,  under  the  long-leaf  pine  region. 

The  ODderlying,  older  rocks  tbronghoat  nearly  the  whole  of  this  re- 
gion are  the  Lower  Tertiary  beds,  which  are  chiefly  lignitic,  sandy  clays. 
Id  their  mode  of  origin  it  will  be  seen  that  these  soils  are  entirely  sim- 
ilar  to  those  of  the  better  class  of  long-leaf  pine  uplands  of  the  States 
further  east.  The  absence  of  the  long -leaf  pine  is  one  of  the  chief  dis- 
tinctions between  the  two. 

In  respect  of  fertility  and  general  agricnltoral  value,  two  sabdivisiona 
may  be  recognized,  viz : 

a.  The  yellow  loam  uplands,  or  oak  and  hickory  land  with  short-leaf 
pine. 

b.  The  table  lands  of  Mississippi  and  Tennessee,  and  the  Cane  Hills  or 
Blntr  region. 

a.  The  yelUtw  loam  region. — Under  this  head  is  included  that  great 
body  of  oak  and  hickory  uplands  associated  with  the  short-leaf  pine,  ex- 
tending from  Texas  to  Alabama. 

The  face  of  the  country  is  broken,  except  on  the  watersheds,  as  is 
always  the  case  where  tJie  red  loam  forms  the  surface  over  beds  of 
Stratified  DrifL 

The  soils  of  the  better  class  of  these  aplanda  are  yellowish  or  brown- 
ish loams,  varjring  in  thickness  from  a  few  inches  to  as  many  feet,  and 
ooderlaid  by  the  sands  and  other  beds  of  the  Drift.  Ou  the  poorer 
nplands  the  stratum  of  loam  is  very  tbin,  sometimes  almost  entirely 
absent,  and  the  anderlying  drift  sands  or  other  materials  then  form  the 
soil.  Between  these  two  extremes  there  u-e^l  the  gradations,  and  the 
different  qualities  of  soil  are  so  intricately  interspersed  as  to  render  it 
impossible  to  lay  them  down  with  precision.  The  general  remarks 
above  given,  under  tlie  long-leaf  pine  region,  wilt  apply  equally  well 
here,  to  show  the  principles  which  govern  their  relative  distribatioo. 

b.  T(^le  Lands  and  Cane  HiUa. — (1)  The  table  lands.  These  occupy 
a  strip  of  20  to  30  miles  width,  lying  adjacent  to  the  blnff  of  the  river 
in  Korth  Mississippi  and  across  West  Tennessee,  and,  as  the  name 
shows,  form  in  the  main  a  level  table  land,  except  where  the  streams 
have  cut  their  channels.  The  soil  is  a  brown  loam  of  great  fertility, 
and  8i)ecially  sait«d  to  cotton.  The  timber  consists  of  oaks  arid  hicko- 
ries, and  of  the  former  the  post,  red,  and  black  oaks  are  the  most 
abundant.  In  the  more  clayey  belts  these  are  accompanied  by  the 
black-jack,  and,  on  the  lighter  soils,  by  the  Spanish  oak. 

In  quality  the  table-land  soils  show  a  gradation  into  the  preceding 
class. 

The  table  lands  of  North  Mississippi  have  long  been  noted  for  their 
fertility,  but  there  ia  the  serious  objection  to  them  that  they  are  bo 
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easfly  ii^ared  by  vaahes,  which  carry  away  the  top  soil,  and  frequent^ 
leave  bare  the  rather  sterile  suuds  and  other  materialB  of  the  tuulerly- 
ing  Drift. 

(2)  The  caoe  hills.    This  iaclades  a  narrow  strip  of  lands,  averaging   . 
perhaps  16  miles  in  width,  \ying  immediately  adjacent  to  theblnff  of  the 
Missitudppi  Birer,  being  best  doveloped  and  most  coDtianoae  on  the 
eastern  side-of  that  river  iu  LoiiimaDa,  M  ississippi,  and  Tenueasee. 

The  snrCace  is  geoeratty  hilly  and  broken,  and  its  timber  consists  ot 
water,  willow,  swamp  chestiint  oaks,  hickories,  beech,  magnolia,  locnst, 
tulip  tree,  sod  originally  a  dense  undergrowth  of  cane,  which  has  since 
mostly  disappeared. 

The  soil  is  a  fertile  brown  loam,  4  to  7  feet  in  depth,  resting  on  a  fine 
calcareous  silt  of  the  Bluff  or  Loess  formation. 

There  is  in  this  region  also  a  great  liability  to  ii^nry  fh>m  washes, 
and  many  iarms  have  thns  been  mined. 

6.  THE  UPPBE  PEAIKIE  BEaiOIT. 

This  region  has  been  enbdivided  into  two,  viz : 

a.  The  black  prairie  lands,  and 

b.  The  blae  marl  lands  and  hill  prairies. 

Within  the  area  herein  included  there  are  many  varieties  of  soil,  from 
the  poorest  sandy  ridges  to  the  richest  black  calcareous  loams,  and  the 
names  have  been  chosen  which  apply  to  the  most  characteristio  soil 
varieties. 

a.  Black  prairie  lands. — East  of  the  Mississippi  this  region  is  com- 
prised in  a  belt  extending  from  the  eastern  edge  of  Alabama,  nearly 
westward  through  that  State,  and  northwest  through  Mississippi,  and 
north  throngh  Tennessee.  In  Alabama  the  width  of  the  belt  is  20  to  30 
miles,  but  iu  Tennessee  it  narrows  down  considerably.  This  region  oo- 
cupies  a  depression  between  hilly  lands  with  oaks  and  pines,  and  its  sur- 
foce  is  comparatively  level,  with  here  and  there  small  hills  and  ridges 
capped  with  sand  and  loam,  the  remnants  of  a  covering  of  Drift  which 
protiabty  once  covered  the  entire  region,  but  which  has  subsequently 
been  almost  entirely  removed  by  denudation. 

The  underlying  rock  throughout  the  whole  region  is  an  impnre  lime- 
stone (Rottoa  Limestone),  the  disintegration  of  which  has  given  rise  to 
the  peculiar  soils  of  this  region. 

The  typical  black  prairie  soil  is  a  stiGT  calcareous  clay  of  grayish  to 
yellowish  color  when  uncultivated,  but  of  dark  to  nearly  black  color 
when  mixed  with  vjegetablo  mutter  in  cultivation. 

Id  the  vicinity  of  the  ridges  and  hilla  of  Uritt  above  allnded  to,  the 
sands  and  loam  of  this  latter  fonnatiou  are  more  or  less  mingled  with 
the  calcareous  days,  and  there  result  mixed  soils  of  varying  degrees  of 
fertility  and  of  difCorent  physical  qualities.  One  of  these  mixed  soils 
is  kjiown  as  the  post-oak  soil.  It  is  a  stiff  loam  of  reddish  to  yellow 
eoljr  sapporting  a  growth  in  which  the  post  oak  is  prominent. 
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Upon  the  ridges  are  the  uboelI  upland  aoila  similar  to  those  of  the 
oak  aplands  elsewhere. 

The  original  growth  upon  the  black  prairie  landa  couBiBt«d  of  oaks, 
poplar,  beech,  &c.,  of  magDiAceut  pioportioDS,  bat  very  little  of  tliia 
growth  uow  remaiDS  standiDg. 

lu  Al  abama  Ihib  is  known  as  the  "  Oaoebrake,"  and  the  "  Black  Belt," 
and  the  "  Cotton  Belt,"  fh>[n  the  taeta  that  a  dense  undergrowth  of 
cane  once  covered  the  land,  and  that  it  is  pre-eminently  the  eotton-pro- 
daciug  region  of  the  Stat«.  This  may  be  seen  from  the  percentage  m^ 
accompanying  this  article. 

West  of  the  Mississippi  Itiver  this  division  has  an  extensive  devel- 
opment iu  Texas,  where  its  soils  are  black,  wax-like  clays,  similar  to 
those  already  described,  and  derived  from  the  Botteo  Limestone,  la 
these,  beds  of  Drift  are  nowhere  to  be  seen  except  in  the  "  Cross  Tim- 
bers."   (Longhridge.) 

The  Cross  Timbers  thus  appear  to  be  the  analogues  of  the  Drift 
ridges  which  traverse  the  prairie  region  in  the  eastern  States  of  the  cot- 
ton region. 

In  the  Indian  Kadon  black  prairie  lands  entirely  similar  to  those  of 
Texas  are  seen  in  the  sonthem  portion,  coming  to  an  end  near  the  line 
of  Arkansas. 

In  the  latter  State  small  areas  of  black  Oretaceoos  prairies  occupy 
the  lowlands  in  the  southwest,  while  the  ridges  between  the  atx«amB 
and  between  the  prairie  tracts  are  short>leaf  pine  uplands,  with  oak 
and  hickory. 

A  cbaracterifitio  growth  of  the  northeastern  part  of  this  great  west- 
ern Cretaceoos  belt,  in  Texas,  Arkansas,  and  the  Indian  Kation,  is  the 
Boia  d'Arc,  or  Osage  Orange.  In  the  States  east  of  the  MIssiBsipiri 
Biver  the  patties  of  open,  treeless  prairie  are  of  lees  saperficial  extent 
than  the  wooded  tracts. 

Ab  in  the  States  east  of  the  Mississippi,  the  western  lands  of  this 
character  are  largely  cultivated  in  cotton. 

b.  Blue  marl  lands  and  \iU  prairies. — In  Mississippi  and  Alabama 
the  southern  and  western  borders  of  the  prairie  lands  are  frequently 
made  by  a  hard,  yellowish  limestone  which  gives  rise  to  a  broken  and 
ridgy  coantry,  the  atunmits  of  the  ridges  possessing  soils  of  the  usoal 
sandy  upland  type,  while  the  hillsides  and  lowlands,  by  the  reaction  (ri* 
the  decaying  limestone  on  the  loams,  have  often  stiff  clayey  soils,  mudi 
like  those  of  the  post-oak  prairies. 

From  their  position  and  topography  these  are  known  as  hill  prairies. 
Limited  areas  with  loamy  soils  of  deep  red  color,  and  full  of  pebbles  of 
brown  iron  ore,  occur  along  this  outer  margin  of  the  Cretaceons  belt 
both  in  Mississippi  and  in  Alabama. 

Still  another  type  of  soils  prevails  in  a  few  places  in  Mississippi  and 
in  the  eastern  portion  of  the  Oretaceoos  belt  in  Alabama.    These  ar« 
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tbe  blae  marl  lands,  derived  from  a  blue  marl  v  ^ich  ties  near  the  top 
of  the  Cretaceous  series. 

The  timber  apon  these  blue  marl  lands  is  a  curious  mixture  of  gums, 
bottom  oaks,  aaA  long- leaf  piniis,  all  draped  'with  the  long  moss.  A  large 
body  of  this  kiud  of  land  is  met  with  in  eastern  Alabama,  where  it  is 
well  known  for  the  flue  cotton  crops  which  it  produces. 

G.  TEE  BED  AKD  BBOWN  LOAU  BSaiON, 

(Based  ou  the  older  limestone  formations.) 
These  lands  are  of  two  kinds,  viz: 

a.  The  red  and  brown  calcareous  loams,  occurring  east  of  the  Mis- 
Biesippi  Biver,  in  the  basin  of  Tennessee,  and  in  the  valleys  of  East 
TenneBsee,  northwestern  Oeoi^^  and  northeastern  Alabama,  and  de- 
rived from  the  limestones  of  the  Silurian  and  Snboarboniferons  forma- 
tions;  and 

b.  The  red  loam  uplands  and  prairies  of  Arkansas  and  the  Indian 
Vation,  based  npon  the  red  shales  of  the  Ooal-measnres,  and  the  red  loam 
lands  of  Texas,  which  are  derived  fh)m  red  sandstones  and  clays,  partly 
of  Triassio  age  and  partly  of  nndetermined  age. 

a.  Red  and  brown  loam  lands  eatt  of  the  Mi$tiaa^pt.—{1)  The  Basin  of 
Middle  Tennessee  is  an  elliptical  basin  of  some  5,000  sqaare  miles  area, 
underlaid  by  the  limestones  of  the  Lower  Silorian  age.  The  surface  of 
tbe  basin  is  moderately  undulating,  or  rolling;  it  was  once  heavily  tim- 
bered wit^  oak8,  walnuts,  hickories,  &c.,  which  have  been  in  great 
measure  removed  and  tbe  land  bronght  under  cultivation. 

Tbe  oecnrreoce  of  cedar  tilades  is  a  characteristio  surface  feature  of 
the  basin.  These  are  rocky  places,  generally  flat,  and  more  or  lea» 
covered  with  red  cedar.    (SafTord.) 

The  soils  of  thit^  basin  are  derived  from  tbe  disintegration  of  lime- 
stones of  different  grades  of  purity,  and  hence  vary  considerably  in  qual- 
ity, Tbe  two  principal  varieties  are  those  derived  from  tbe  Trenton, 
and  from  the  Nashville  or  Hudson  Biverfbrmations,  respectively.  The 
former  are,  as  a  rule,  more  clayey,  the  latter  more  silioeons. 

These  lands  are  fertile  and  well  adapted  to  the  cultivation  of  corn, 
cotton,  tobacco,  &c.  As  will  be  seen  from  the  percentage  map,  a  large 
proportion  of  this  area  is  devoted  to  cotton. 

(2)  The  Valley  of  East  Tennessee,  and  its  continuation  tumugh  North- 
west Georgia  into  the  Ooosa  Valley  of  Alabama,  is  a  complex  trough 
composed  of  a  number  of  subordinated  valleys  separated  by  .ridges, 
having,  like  the  valleys,  a  g^eral  northeast  and  southwest  direction. 
The  soils  of  these  valleys,  as  they  are  derived  from  the  rooks  of  seyeral 
diflkrent  formations,  vary  considerably.  Tbeone  extreme  is  astifif  clayey 
loam  of  deep  red  color,  found  in  greatest  abundance  along  the  south- 
eastern edge  of  the  valley.  This  is  the  best  of  the  soils. 
Ou  the  other  extreme  are  liglit  sandy  loams  of  grayish  to  buff  colors. 


..gk 


76        BEPOBT  4,  DNITED'  STATES  ENTOHQUtOICAL  COHHI8SIOH. 

The  ridges  vliioh  divide  the  complex  txoogh  are  oompoaed  of  the  chert 
of  the  limestones,  and  have  siliceoas  soils,  and  are  therefore  more  par- 
ticolarly  spoken  of  ander  the  next  bead.  In  the  narrow  anticlinal  vti- 
leys  which  ran  parallel  to  the  Coosa  Valley,  in  Alabama,  the  brown  and 
red  loam  soils  are  of  the  same  character  as  those  just  mentioned.  Along 
the  edges  of  these  valleys,  on  each  side,  there  is  osnally  a  narrow  strip 
with  yellowish  loamy  soil  based  open  the  limestones  of  theSabcarbon- 
iferons  formation.  These  belts  are  generally  in  cnltivation,  and  yield 
good  crops  when  properly  cultivated. 

In  Alabama  the  Coosa  Valley  is  largely  planted  in  cotton,  bnt  in  Ten- 
nessee its  continnation  (Valley  of  East  Tennessee)  is  devoted  less  to 
cotton  and  more  to  grain  crops. 

These  valley  lands  are  not  level,  bat  are  rolling  and  ridgy,  and  the 
timber  growth  upon  them  is  qaite  varied. 

On  some  of  the  rich  red  lands  large  white,  red,  and  Spanish  oaks, 
hickories,  sweet  and  soar  gums  prevail 

Along  the  flinty  ridges  and  at  their  bases  where  the  soils  are  more 
sandy  and  less  fertile,  post  and  blackjack  oaks  and  short-leaf  piue  be- 
come charaoteristie,  and  in  some  portions  of  Alabama  the  long-leaf  pine 
is  of  constant  occarrence,  not  only  on  the  ridges,  but  also  on  the  rolling 
lands  underlaid  by  the  siliceoas  limestones.  Such  is  particularly  the 
case  in  the  vicinity  of  the  Coosa  Biver. 

(3)  Tennessee  Valley  in  IiTorth  Alabama.  This  division,  like  the 
Basin  of  Tennessee,  restti  on  limestones,  which,  however,  belong  to  the 
Snbcarboniferons  formation.  The  surface  is  slightly  undulating,  with 
low,  rocky  knolls  limbered  with  post  and  other  oaks,  the  remnants  of 
a  once  universal  forest  of  oaks  and  hickories.  The  greater  part  of  this 
valley  is  cleared  and  under  cultivation,  the  exceptions  being  the  flinty, 
rocky  knolls  above  mentioned,  and  glady  places  covered  with  red 
cedar. 

The  prevailing  soil  is  a  rather  stiff  loam  of  led  to  brown  color,  and  it 
is  highly  fertile  in  its  virgin  state. 

N'otwithstanding  the  high  latitude  of  the  Tennessee  Valley,  a  large 
percentage  of  its  area  is  devoted  to  the  culture  of  cotton,  as  may  be 
seen  from  the  map. 

b.  Bed  loam  landt  weat  of  the  MisaisHppi. — (1)  Bed  loam  uplands  and 
prairies  of  Arkansas.  These  lands,  as  already  stated,  are  baseil  npon 
the  shales  of  the  Coal-measures.  The  nplands  are  rolliuf^  or  hilly,  and 
are  timbered  with  a  fine  growth  of  red,  scarlet,  black,  yellow,  chestnut, 
and  laurel  oaks,  sweet  and  black  gams,  #ild  cherry,  shell-bark  hickory, 
and  other  species.     (Lesqnerenx.) 

The  red  upland  soils  are  considered  the  most  fertile  of  those  occur- 
ring in  the  western  part  of  the  State.  Where  the  land  is  level  or  flat, 
prairies  are  found,  which,  when  the  soil  is  close  and  clayey,  are  badly 
drained  and  marshy  and  not  in  cultivation,  though  they  make  excellent 
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pastnres.  In  tome  cases  wheie  tbe  soil  is  looser  these  prairies  are  to  a 
alight  extent  coltiTated  and  prodoce  exoellent  croiw. 

Throngb  the  region  of  the  red  nplands  ran  ridges  of  aandstoiie,  the 
soils  of  which  are  best  oonaidered  nnder  the  next  head. 

The  red  loam  lands  pass  throngb  the  Indian  Nation  also,  where  they 
present  sabstantially  ^e  same  features  as  In  Arkansas. 

(2)  In  Texas  the  red  loam  prairies  and  timbersoyerlie  the  older  forma- 
tions almost  entirely;  the  timbered  hills  on  the  eastern  part  are  capped 
with  what  are  snpposed  to  be  Triassic  sandstones.  (Longhridge.)  The 
timber  on  these  hills  is  mostly  pent  oak  and  blackjack.  The  valleys 
are  largely  prairie,  with  mesqaite  timber  growth,  and  with  soils  vary- 
ing from  a  red  sandy  loam  on  the  uplands  to  a  darker  loam  on  the  flats, 
sometimes  qoite  clayey.  The  western  part  of  this  region  is  prairie,  with 
red  loam  soils,  derived  presumably  iirom  the  red  clays  that  ap|>ear  in 
tiie  blnifo  and  hiUsides  of  this  and  the  gypsnm  region.  Their  geological 
age  is  nndetermined.    (Longhridge.) 

7.  THE  bahdt  and  sizjoeoub  lands  of  the  oldxb  pobhations. 

These  comprise — 

a.  The  cherty  lands  derived  from  the  impure  siliceous  limestones  of 
the  Subcarboniferons  and  Bilorian  formations; 

b.  The  sandy,  sometimes  loamy,  soils  resting  nxmn  the  rocks  of  tbe 
Ooal-measnres,  especially  in  the  States  east  of  tbe  Mississippi  Biver ; 
and 

0.  The  sandy  prairie  lands  of  the  Indian  Territtny,  which  also  rest 
upon  the  sandstones  of  the  Coal-measnres. 

a.  Chertg  landM. — In  East  Tennessee,  Northwest  Georgia,  and  North- 
east Alabama  the  cheriy  limestones  of  the  Lover  Silurian  and  Sub- 
carboniferous  formations,  in  their  decay,  give  rise  to  soils  xchicb  mny  be 
described  as  light,  rather  sandy  loams,  of  yellowish  or  boQ*  colors,  and 
which  are  nsnally  filled  with  angnlar  fragm.ents  of  the  chert.  In  this 
region  the  strata  are,  as  a  rale,  thrown  into  folds,  and  the  soils  in 
question  are  found  in  narrow  strips  or  ribbons,  which  have  tlie  prevail- 
ing direction  of  northeast  and  sonthweet.  On  account  of  the  compar- 
atively indestmctiblenatureof  the  materials  (siliceons  limestones]  i^m 
which  tbe  soils  are  derived,  they  are  also  commonly  found  in  riilgea, 
the  valleys  between  being  occupied  by  the  red  and  brown  loams  of  the 
limestones  mentioned  in  the  preceding  section. 

In  fertility  these  ridge  soils  vary  greatly.  Notwithstaadlug  the  un- 
promising appearance  of  the  soil,  because  of  tbe  rocks  which  fill  it,  it  is 
often  of  considerable  fertility,  and  nsnally  supports  a  fine  growth  of 
white,  black,  red,  black-jack,  and  post  oaks,  hickories,  and  shori-leaf 
pines,  the  latter  making  their  appearance  where  the  soil  is  more  sandy. 
The  growth  on  the  cherty  ridges  of  both  Silurian  and  Subcarboniferons 
formatioos  seems  to  be  substantially  the  same,  except  that  in  some  lo- 
calities the  ridges  of  the  former  appear  to  be  more  sterile  and  have  a 
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larger  proportion  of  piiiea;  and  in  some  parta  of  the  Coosa  Valley,  in 
Alabama,  they  are  occasionally  timbered  viOt  long-leaf  pines  and  blai^- 
jack  oakB  almost  exolnstvely. 

In  the  Valley  of  the  Tennessee,  in  Sorth  Alabama,  and  aronnd  the 
margin  of  the  limestone  basin  of  Middle  Tennessee,  the  eberty  Snbcu- 
boniferons  limestones  lie  nearly  horizontal,  and  they  thns  come  to  b« 
the  enbstratnm  of  wide  areas,  which  in  these  StatM  are  known  as  "bar' 
rau,"  from  the  comparative  iofertiliCy  of  the  soil,  as  compared  with  that 
of  tbe  adjoining  limestone  lands.  Iliese  barren  soils  are  osnt^  thin 
and  deficient  in  lime,  and  have  a  hij^h  percentage  of  ailiceons  matter. 

The  timber  consists  of  oaks,  often  shmbby  and  stnnted,  smf^  hick- 
ories, dogwood,  &c,  in  the  lower  latitudes,  mixed  with  short-leaf  piuea. 
The  oaks  btb  of  several  species,  bnt  the  post  oak  and  black-jack  appear 
to  be  HiB  most  common. 

These  lands  are  very  sparingly  cnltivated  in  cott^^n,  and  hence  ueed 
no  special  mention  beyond  what  has  been  given. 

In  their  topography,  the  barrens  are  in  contrast  to  the  red  loam  lauds 
which  are  adjacent  to  them.  Tho  hard,  flinty,  indestructible  chert  is 
worn  into  rough,  precipitous  hills  wherever  the  somewhat  levvl  water- 
sheds break  off  towards  the  streams. 

West  of  Oie  Miijsissippi,  tlie  same  formations  produce  similar  soils  and 
topography  in  northern  Arkansas,  where  the  cherty  ridges  art;  clothed 
ohiefiy  with  mockerunt  hickory  and  ppst  and  black-jack  oaks.  W  ith  these 
are  associated,  in  those  localities  where  the  soil  is  more  sandy,  the  yet 
low  or  short-leaf  pine  (P.  Ueda).  Along  the  declivities  appear  the  white, 
red,  and  black  oaks.  Upon  these  formations  in  northern  Arkansas  aiao 
occnrprairies  of  limited  extent,  snrroanded  with  a  growth  of  small  trees. 
These  prairies,  which  are  not  always  of  flat  snr&ce,  are  found  along  the 
gentle  slopes  or  in  the  coves  between  the  ridges. 

The  bottom  lands  derived  from  these  cherty  limestones  are  generally 
highly  productive. 

b.  Sandstone  BoiU — The  other  class  of  siliceous  soils  is  derived  from 
che  sandstones  and  grits  of  tbe  Coal'measnres.  In  general  they  are  of 
only  medium  fertility,  and  are  of  comparatively  little  importance  in  the 
cultivation  of  cotton.  Lately,  however,  in  some  of  the  eastern  Cotton 
States,  it  has  been  found  that  with  the  use  of  commercial  fertilizers 
very  fair  cotton  Crops  may  be  produced  upon  these  soils,  which  have  in 
general  a  subsoil  of  yellowish  loam,  which  is  moderately  impervious  and 
holds  well  tbe  fertilizers  that  may  be  applied  to  the  land. 

In  Alabama  and  East  Tennessee  a  lai^  area  is  underlaid  by  tbe  Coal- 
measures,  and  the  table  lands  or  ])Iatean8  of  a  part  of  this  area  arc  ad- 
mirably situated  and  will  doubtless  some  day  be  more  generally  culti- 
vated than  is  now  tbe  case. 

The  best  of  these  soils  are  light-colored  loams,  with  yellowish  or  red- 
dish subsoils.  Those  are  capable  of  improvement  and  successful  cult- 
ure.   The  gray  soils  with  light-colored  to  whitish  subsoils,  deficient  in 
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tia,yej  matter,  are  too  porous  for  profitable  ooltiTation,  and  do  not  re- 
tain tba  fertiliseis  that  may  be  applied  to  tbem. 

The  greater  part  of  the  soils  of  the  Ooal-measnres  are  sandy  and 
rather  deficient  in  vegetable  matter  and  in  lime.  In  topography  this 
r^ion  is  Tarie<1.  On  the  table  lands  of  Tennessee  and  Korth  Alabama 
the  snrfbce  is  slightly  rolling^  sloping  off  gradnally  to  the  water-conrses. 
In  the  nptomed  fields  of  the  Ooosa,  Oahaba,  and  part  of  the  Warrior 
Basins  in  Alabama,  the  alternation  of  harder  aad  softer  strata  gives 
rise  to  some  of  the  most  ragged  topography  to  be  seen  in  the  State. 

The  timber  consists  chiefly  of  the  npland  oaks,  and,  in  some  of  the 
lower  latitades,  short-leaf  pine.  In  some  parts  of  Alabama  areas  of 
emisiderable  extent  with  a  prevailing  timber  of  long-leaf  pine  are  known. 

In  Arhanens,  it  has  already  been  seen  that  the  chief  boO  of  the  Ooal- 
measoies  is  a  red  loam  derived  from  the  shales,  bat  the  red  uplands 
ue  traversed  by  ridges  capped  with  sandstones,  or  millstone  grit  The 
soils  on  these  ridges  aie  thin  and  generally  stenle;  except,  where  the 
ridges  are  broad,  the  soil  becomes  thick  and  is  tolerably  fertile.  The 
characteristic  growth  here  is  mnch  the  same  as  that  on  the  cherty 
ridges  of  the  Snboarboniferoos  formation  above  described,  viz.,  yellow 
pine,  Spanish,  post,  black-jack,  white,  red,  and  black  oaks,  hickory, 
chestnnt,  and  chinqnspin. 

Agricultorally  this  soil  is  inferior  to  that  of  the  red  loam  Qplande. 

o.  Bandy  prairies. — In  the  Indian  Territory,  the  Oarboniferons  is 
mostly  a  prairie  region,  interepersed  with  prominent  ridges  of  the  sand- 
stone, l^e  soil  is  a  sandy  loam,  brownish  in  color  and  not  very  dura- 
ble or  fertile.  Along  the  rivers  are  timbered  belta  of  gnatemaiy  sands, 
sometimes  very  deep,  onderlaid  by  reddish  clays  and  furniBhing  some 
good  lands.  The  river  bottoms  are  the  chief  cultivable  land.  (Lough- 
ridge,) 

8.  THB  ONEISSia  BEaiON. 

The  metamorphlo  region  of  the  Cotton  States  is  comprised  In  a  belt 
sometimes  150  miles  in  width,  extending  from  central  Alabama  north- 
eastwud  throngh  Geoi^a,  South  Carolina,  and  yorth  Carolina  into 
Virginia.  By  far  the  greater  part  of  the  cultivated  soils  of  this  region 
is  derived  from  gneissic  rocks — under  which  name  we  inclnde  not  only 
the  gneiss  itself,  but  the  kindred  rocks,  not  excepting  granite,  with 
which  the  gneiss  is  connected  by  all  gradations. 

This  metamorphic  area  inclndes  most  of  the  really  mountainous  re- 
gion of  the  Cotton  States,  but  the  southeastern  slopes  of  the  mountain 
ranges  are  nndalating  and  hilly  rather  than  mountainons.  The  mount- 
ain ranges  are  composed  of  qnartzites,  mica  schista,  aod  other  indestruc- 
tible rocks,  while  the  gneissic  rocksaremore  prevalent  along  the  south- 
eastern border,  which  is  also  the  part  of  this  area  that  is  to  any  con- 
siderable extent  in  caltivation.  Among  the  mountains  the  farms  are 
fimall,  and  cotton  forms  a  small  proportion  only  of  tlie  cultivivted  crop. 

The  typical  gneissic  soil  is  a  gray  soil  of  considerable  fertility,  whose 
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natural  timber  ootiniBts  of  the  nplaud  oaks  wfth  some  abort-leaf  pine; 
along  the  bonlers  of  the  rejiiaD  the  lon(r-1enf  iiine  also  makes  ita  ap- 
pearance vhOTever  the  sandiness  of  the  soil  mcreasea  beyond  a  certain 
limit. 

The  tme  gnefssic  soils  aro  perhaps  the  best  for  cotton. 

By  gradual  int^nthange  of  conatitneiitM,  the  gneifsea  grafle  off  into 
the  other  rocks  of  tliia  Rerics,  ntiil  a  correspondiug  variation  in  the 
quality  of  the  soils  is  thus  bronglit  about. 

By  the  partial  or  complete  rt'phiccmoiit  by  the  mineral  hornblende  of 
certain  of  the  consrihients  of  the  pneiaa  are  produced  the  hombleudic 
gneisses  and  hornblendio  slates,  which,  in  disintegrating,  yield  those 
Tarm,  red,  loamy  soils,  with  timtter  of  magnificent  otiks,  making  perhaps 
a  fourth  or  less  of  the  lands  along  the  outer  border  of  the  region. 

The  red  soils  are  considered  best  suited  to  the  grain  crops,  thoogh 
they  give  fine  yields  of  cotton  also. 

.  All  the  gneissio  soils  have  a  reddish,  clayey  subsoil,  and  are  capable 
of  indefinite  improvement. 

Through  Georgia  and  South  Carolina  the  gneissic  soils  form  by  far 
the  larger  proportion  of  the  lands  cultivated  iu  cotton,  as  may  be  seen 
from  the  percentage  map  accompanying. 

The  clay  slates,  mica  slates,  and  qnartzites  of  the  metamorphio  region 
yield  soils  of  inferii>r  fertility,  and  they  are  of  comparatively  little  im- 
portance in  the  cultivation  of  cotton. 

West  of  the  Mississippi  the  motamorphic  areas  are  of  somewhat  lim- 
ited extraiti  and  are  comparatively  nnimportaut  from  oar  standpoint. 
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TBBRESTBIAL   A^B    MBTEOBOLOGICAL    DTPLUBB0E8 
AFFECTING  THE  WOEM. 

COKDETION  OF  SOIL  AUD  FLAITI  CONKKOTEO  WITH  THB  APPEABASOB 
OF  THE  FIBST  WOBMB. 

Havinj;  seen  that  the  worme  first  appear  in  parts  of  the  sontlieni  por. 
tkm  of  the  cotton  belt  at  a  mach  earlier  date  than  previously  ^apposed, 
ve  will  now  briefly  consider  the  conditions  of  eoil  and  of  the  plant  con- 
nected with  this  fiiat  appearance.  In  glancing  over  the  reports  on  this 
enbject  in  answer  to  our  qaestions,  we  find  a  remarkable  unanimity  of 
opinion  oarresponding  wlOi  what  has  been  obeerved  by  oorself  and  as- 
sistants and  with  the  general  experience  collected.  It  is  that  the  earliest 
worms  of  the  season  are  confined  to  fields  on  the  "lowlands"  where  tha 
planta  are  natarally  more  thrifty  and  more  advanced  than  on  any  other 
eoiL  Low  lands  where  cotton  is  planted  in  Texas  and  Lonisiana  comprise 
the  eoH^alled  bottom  lands  of  the  rivers,  and  on  sach  lands  the  soil  is 
always  a  very  rich  allavium  and  never  sandy.  Farther  east,  however, 
low  lands  are  frequently  sandy  and  the  bottom  formation  of  allnvial 
soil  is  less  common  than  in  Texas  and  Lonisiana.  This  holds  especially 
tme  of  Florida,  where  the  soil  is  exclaslvely  sandy,  more  or  less  mixed 
with  decayed  vegetable  matter.  In  the  latter  ^tate  fields  on  "  hammock 
land,"  and  near  the  edges  of  ponds  or  lakes  replace  the  bottom  lands  of 
Texas  and  Lonisiana.  The  mle  of  the  first  appearance  on  each  low, 
rich,  and  moist  lands  does  not  apply  alone  to  the  extensive  area  of  sncb 
land  in  the  sonthem  portion  of  the  belt,  bnt  also  to  similar  low  places 
in  particular  parts  of  plantations  in  the  whole  cotton-growing  country, 
the  first  wrams  on  any  plantation  always  being  noticeable  in  snch  tow 
spots. 

The  general  mle,  however,  is  not  without  exception,  for  on  the  sea 
islands  off  the  coast  of  Georgia  and  South  Carolina,  where,  in  former 
years,  the  worms  always  appeared  early,  the  soil  in  which  cotton  was  and 
is,  to  a  limited  extent,  still  cultivated,  cannot  be  called  low  land.  All  low 
parts  on  these  islands  are  occupied  by  marsbes,  and  are  unfit  for  cutti- 
Tation,  and  the  soil  of  the  cotton  fields  is  what  is  termed  "dry  hummock 
land."  Again,  Mr.  Schwatz  found  a  very  early  apx>earance  in  Lavaoa 
County,  in  Sonthem  Texas,  where  the  country  is  several  hundred  feet 
aboT«  the  river  bottoms  is  the  same  latitude,  and  oonsists  of  open  and 
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rolling  prairies.  The  vorms  were  observed  there  in  a  field  sitoated  oa 
top  of  one  of  the  highest  hills,  and  they  have  been  observed  there  at 
-ainularly  early  dates  in  past  years.  The  soil  is,  however,  of  that  rich, 
black  nature  peoaliar  to  one  part  of  the  South  Texan  praines. 

A  second  oiroamstaDoe  which,  according  to  the  nnauimoos  reports  of 
planters  and  observers,  appears  to  necessarily  accompany  the  early  ap 
pearanoe  of  the  worms,  is  that  the  cotton  plants  mnst  be  in  a  well- 
advanced  and  Inzniiaat  condition.  The  earliest  worms  are  never  knows 
to  appear  in  llelds  in  which  the  growth  of  the  plants  has  been  retarded 
from  one  cause  or  another,  as,  for  instance,  late  planting,  the  attacks  of 
plant-lioe,  overflow,  poor,  ezhansted,  or  sandy  soil,  &0. 

A  third  &ot  is  worthy  of  mention  in  connection  with  this  early  ap- 
pearance, viz.,  that  in  open  oonutriee,  or  in  conntries  where  the  prevail- 
ing soil  is  low  and  rich,  there  is  almost  always  a  gin-honse  or  other  bnild- 
ing,  a  hay-stack  or  some  other  shelter  near  by  where  the  moths  have,  to 
all  appearance,  hibernated.  Of  the  five  looalities  in  Sonth  Texas  when 
the  flnt  worms  were  observed  by  Mr.  Schwars  in  the  spring  of  1879, 
three  were  in  the  immediate  vicinity  of  gin-houses,  with  no  other  bnild- 
uig,  fence,  or  tree  in  the  neighborhood.  In  the  foorth  a  gin-honse  and 
other  buildings,  as  well  as  trees,  were  close  by ;  while  in  the  fifth  (that 
in  Lavaoa  Ooonty,  already  mentioned)  the  nearest  object  which  ooold 
have  served  for  the  hibernation  of  the  parent  moth  was  an  open  stable 
abont  one  hundred  yards  distant,  bat  covered  with  a  thick  thatoh  of  hay. 

In  all  oases  observed  or  reported,  the  first  worms  occupy  bat  a  limited 
patch  in  the  field,  and  are  not  scattered  over  the  whole  field  or  over 
large  portions  of  a  plantation,  as  is  the  case  with  sabseqnent  genera- 
tions. The  extent  of  this  patch  seldom  exceeds  two  acres  and  some- 
times  does  not  embrace  one-fifth  of  an  acre. 

Still  a  fourth  olroamstance  connected  with  the  appearance  of  the  first 
worms  is  noticeable,  and  one  that,  as  we  shall  see  farther  on,  has  moch 
importance  from  the  practical  side.  It  is  that  they  recor  year  after  yeu', 
not  only  in  the  same  counties,  but  also  in  exactly  the  same  spots. 

The  condition  of  the  plant  has  already  been  alluded  to.  In  every 
case  it  was  luxuriant,  advanced,  and  vigorous.  This  condition  of  the 
plant  has  so  much  to  do  with  the  matter  under  consideration  that  there 
must  be  a  cause  for  it,  whether  in  the  greater  attraction  for  the  moth 
possessed  by  such  plants  or  the  greater  facility  with  which  the  eggs 
hatch  or  the  worms  develop  upon  the  same ;  for  when  produced  arti- 
ficiaUy  by  the  use  of  manures  and  good  cnltivation,  it  may,  and  often 
does,  have  the  same  effect,  and  counteracts  the  otherwise  unfavorable 
condition  of  soil  and  location. 

As  throwing  light  on  the  subject,  and  as  a  rational  explanation  of  the 
&ct8,  it  ifl  well  to  remember  that  the  most  advanced  and  loxuiiant  plants 
most  copiously  exude  from  the  secretory  glands  the  sweet  flnid  upon 
which  the  moths  feed  and  by  which,  it  is  fair  to  presnme,  they  are  at- 
tracted ;  also  that  the  moths'  fondness  for  shade  and  moisture  is  grati- 
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fled  in  saoh  low  places  where  tlie  cotton  is  tank.  These  places  are  also 
just  those  where  the  dewa  are  heaviest,  and  the  foots  which  follow  render 
it  quite  certain  that  nuHstare  aids  both  the  hatotiing  and  the  develop- 
mcatt  of  the  worm.  Another  suggestion  may  here  be  made  that  also 
helps  in  the  explanation;  the  natnral  enemies  of  the  worm,  especially 
the  uits,  are  less  abundant  in  low,  wet  land  tiian  in  that  which  is  higher 
and  drier.  They  wil^  therefore,  be  less  efficient  in  destroying  the  young 
wonuSf  which  for  this  reason  will  stand  a  better  chance  of  developing 
■mohecked. 

ISFLVBSOS  or  WEI  WKATHBB. 

In  the  fiiregolng  pages  we  have  seen  that  the  insect,  both  in  its  larvA 
and  perfect  states,  has  a  predilection  for  low,  moist  ground,  where  the 
eotton  is  Inxoriant.  We  may  safely  infer,  therefore,  that  the  meteoio- 
logioal  infloeiicee  that  produce  over  large  areas  the  ocmditioiiB  thus 
deacribed  for  limited  areas  will  prove  fitvorable  to  the  development  of 
the  worms ;  and,  indeed,  it  is  the  uniform  testimony  and  experience  of 
all  who  bave  closely  observed  the  fitcts  that  wet  weather  is  &vorable 
and  dry  weather  onfitvorable  thereto.  This  appears  not  only  from  the 
teatimony  of  observers  and  of  correspondents  of  the  Department  and  of 
the  Oommission  in  this  conntiy,  bat  also  seems  to  be  the  case  in  South 
Anmioa.  The  United  States  consul  at  Pemambaoo,  for  instance,  says 
''it  oomes  and  disappears  vitix  the  rain."  A  study  of  the  past  history 
also  reveals  the  same  &ot,  and  in  no  instuioe  more  strikingly  than  in 
the  consideration  of  the  year  1873.  As  indicating  this  in  a  most  forci- 
ble way  we  introduce  again  the  tabolated  statement  of  correspondents 
<^  the  Department  showing  the  relative  inflaenoe  of  each  cause  of  dam- 
age.   Bain  and  worms  go  band  in  hand. 

Jfprft  C^r»UM.— Skiaa,  ftoat,  woniu. 
AmA  C^vUml— Bfthu,  &OBt,  woimB. 

fhitrykt.— Waniis,moT()  tlum  all  other  oftiiaM  eomtdned;  laiuM,  boat,  flwiagh^  hig^ 
wlndi. 
FlerU^ — Stomu  of  rain,  ironns. 
dUkamm, — Vonaa,  ralnft,  frost. 
ififtoilpji. — Wonns,  ipTiiig  rains,  dionght,  fivat. 
£mWwm.— Wonns,  nlnt,  high  winda. 

3W*. — Wonn*,  luni,  droagbt,  froat,  bad  glna  and  lnezp«tlan««d  glnnen. 
Artmuai. — Ealns,  worms,  dionght,  froat. 
nanoMB. — Droaght,  frost,  tainB,  pUnt-lioe,  a  cold  and  wet  ^ring. 

We  have  not  to  deal  here  with  those  severe  rains,  especially  those 
Moompanled  by  gales  of  wind,  such  as  occnr  occasionally  in  the  South, 
espedally  daring  the  autumnal  equinox,  which  have  been  known  to  kill 
Qw  worms,  beatuig  them  down  and  sweeping  them  Into  windrows  and 
heaps,  such  as  was  the  case  in  Mississippi  in  1825;  in  Matagorda 
Ooon^,  Texas,  in  September,  1876,  and  in  the  Bahamas  in  1866 ;  for  in 
these  and  similar  cases  the  destruction  of  the  worm  is  always  accom- 
panied by  the  utter  loss  of  the  crop. 
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"Sot  have  we  to  AosA  with  the  cold  nuns  that  characterize  the  Soatfa- 
ern  winter,  and  sometimes  oceor  aa  late  as  the  begiuniDg  of  May.  The 
inflnenoe  of  this  weather  on  the  hibernating  moth  has  Dot  been  defi- 
BJtely  ascertained,  bat  it  is  more  than  probable  that,  when  occnrring  late 
In  spring,  especially  if  aooompanied  by  a  ''norther,"  it  may  prove  as  in- 
Jurioos  to  the  first  generation  of  worms  as  it  is  known  to  be  to  the  eot- 
toD'plant.  We  liave  to  deal  rather  with  tltat  broiling  and  hnmid  state 
of  the  atmosphere  consequent  upon  fireqtent  showers  wd  a  clouded  sky 
daring  the  sommer  months  or  lat«r.  The  earth  may  be  said  to  steam, 
and  the  air  is  fall  of  vapor.  The  inflnence  of  snch  weather  is  twofold, 
viz.,  direct  and  indirect 

Its  direct  indaences  may,  perhaps,  beet  be  illustrated  by  citing,  in 
contrast,  the  effects  of  dry  weather,  which  effeota  we  have  repeatedly 
had  excellent  opportanities  of  watching  and  stadying.  As  witnessed 
tu  the  field,  a  large  portion  of  the  eggs  daring  dry  weather  aotnatly 
desiccate  and  fail  to  hatch.  The  worms  are  less  active,  and  wanting 
in  vitality;  they  drop  more  easily  to  the  groond,  and  are  so  affected  by 
the  dry,  heated  sur&ce  that,  in  almost  every  instance,  they  fail  to  regain 
the  plant.  While  vigor  and  vitality  are  thus  impaired,  the  development 
daring  anch  weather  is  unduly  haatened.  The  worms,  for  the  most  part, 
web  np  prematurely  and  fail  to  effect  the  change  to  chrysalis,  generally 
dying  in  the  aut,  half-worm,  half-ohrysalis.  The  chrysalides,  in  case  the 
transformation  was  suoceasful,  show  a  great  tendency  to  rot,  while  the 
moths,  which  hatch  from  the  comparatively  few  that  remain  sonnd,  find 
scarcely  any  food  in  the  cotton  field,  as'  the  glands,  already  described 
(p.  10),  are  almost  entirely  wanting  in  honey  during  veiy  dry  weathw. 
Nourishment  and  fecundity  being  correlated,  it  is  more  than  probable 
that  the  moths,  poorly  noarished,  will  lay  fewer  eggs  under  such  cir- 
cumstances. All  the  effiocts  described  are  intensified  and  become  most 
marked  daring  extreme  drought,  so  that  frequently  at  the  end  of  a  dry 
spell,  snch  as  is  not  infireqaent  in  Jnly  and  early  Angnst,  not  a  worm 
can  be  found.  A  rainy  season,  following  such  a  spell,  will  produce  a 
most  noticeable  change.  Its  effects  are  almost  magical.  The  plants 
freshen  up,  and  the  moths  aimultaneoosly  become  active ;  their  eggs 
hatch  freely,  and  the  worms  are  so  voracious  and  active  that  they  soon 
destroy  the  new  leaves  or  **  top  crop  "and  then,  of  necessity,  work  on  the 
older  ones. 

The  ^ects  of  dryness,  as  here  described,  are  equally  noticeable  when 
produced  artificially.  Experiments  upon  plants  growing  in  the  field, 
bat  inclosed  in  muslin-oovered  frames,  have  produced  all  the  unhealthy 
conditions  of  the  insect,  simply  because  the  covering  prevented  the  nor- 
mal precipitations  of  dew  upon  the  plants ;  while  in  vivaria  the  injarioos 
effects  of  a  dry  atmosphere  have  been  equally  noticeable.  In  the  dry, 
hot  air  of  the  Bahamas  the  worms  are  reported  aa  often  dyingfirom  the 
heat  in  numbers  on  the  plant;  a  fact  which  would  indicate  that  our 
climate  is  more  favorable  to  their  welfare  than  that  of  those  islands: 
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for  the  worma  seldom,  if  ever,  die  from  excessive  heat  in  this  country, 
except  as  they  £all  npoq  the  heated'  aurfaoe  of  the  ground. 

The  indirect  inSuences  of  vet  weather,  first  pointed  out  by  the  vriter  in 
July,  1879,  in  some  remarks  before  the  Mobile  Cotton  Exchange,*  are  even 
more  potent  in  favoring  the  development  of  the  worms.  They  coDsi&t 
in  the  comparative  immunity  which  the  pest  ei^oys  during  snob  weather 
from  its  nnmeroos  natiiral  enemies,  presently  to  be  mentioned,  alt  of 
which  are  prevented  during  wet  weather  from  working  with  the  energy ' 
and  activity  they  display  during  dry  weather.  This  holds  especially 
tnie  of  birds  and  ants,  the  latter  of  which  not  only  hie  to  their  nests 
danog  SDch  weather,  bat  are  often  drowned  in  countless  nnmbera  in 
open  fields  daring  heavy  showers.  Few  who  have  not  careftilly  ob- 
served the  facts  can  appreciate  the  resnlts  of  the  non- working,  even  for 
a  few  short  days,  of  these  natural  checks  to  a  species  so  remarkably 
prolific  and  quick  of  growth  as  our  Aletia.** 

It  may  also  be  remarked  in  this  connection  that  wet  weather  is  un- 
bvorable  to  the  poisoning  of  the  worms,  and  prevents  the  working  of 
cotton,  which  working,  as  will  be  shown  farth«ron,also  helps  to  destroy 
them. 

Suoh  are  onr  conclusions  aud  the  reasons  therefor.  One  of  onr  cor- 
te^wndents  has,  however,  made  the  statement  that  in  his  locality  a  dry 
season  may  be  followed  by  worms,  while  a  wet  season  may  not ;  aud  he 
is  inclined  to  lay  great  stress  upon  the  effects  of  east  and  southeast 
winds  in  bringing  the  wormEL  We  quote  herewith  one  of  his  letters 
which  we  formerly  published  in  the  American  Untomologigt,  Vol.  Ill, 
pp.  105-106  (April,  1880) : 

Ixn.uxS'CK  or  wdtdb  oh  alxtia. — 1  disooTerj-onr  leaning  towutJs  the  theory  that 
fai  this  Utttade  tho  AletJa  MbenuMa,  »n<I  tlut  the  advent  of  it  on  the  ■ommer'B  cotton 
growth  ia  from  the  hibernated  moth  of  the  TJoinage. 

I  haTO  hantofiue  expressed  both  to  yonrself  and  to  Professor  Comstock  the  result 
«Cii^c>lMerv«tlona,totheeffect  that  adry  season — that  is,  one  not  too  wet  for  cotton — 
K^  be  followed  by  the  eaterplllar,  in  this  latitude,  In  such  unmbeTH  as  to  do  great 
ii^ai7  to  tlw  crop;  and  that  a  wet  aeaaon — that  is,  one  in  which  the  rainiaU  lessena 
tbamatmityof  theflmit — maynotbefitUowed  by  the  oateipUlarlnsnfflGient  uunibeia 
to  li^Jnn  the  crop. 

IdMlntodlreet  afresh  yoniobaerratlou  to  the  b^ltimtce  qf  tin  ui(nA  on  the  Aletia. 
Fm  some  yean  past  this  haa  b«en  my  own  observatiau  on  that  sabjeot,  via : 

(1)  At  m»t  iMiem  of  tkt  year  the  preratenee  of  southeast  winda  for  two  or  three  daya 
eoosaentlTely,  regardless  of  vet  or  dry  weather,  will  be  followed  in  fifteen  to  twenty 
dftys  after  the  preTalence  stated  of  those  winda  by  the  moth  of  the  Aletia  in  large 


(8)  If  tha  winda  preT^  frvm  any  other  oonrse  than  east  and  south  of  east,  after 
Hay  and  until  October,  we  do  not,  in  this  latitude,  And  the  eaterpillar  is  nnmbera 
nfDetcot  to  injure  the  crop  of  cotton. 

(3)  Last  year  [1S7D)  I  made  note  of  the  following  foots :  The  month  of  May  waa  dry  in 
Ala  vicinity;  so  dry  thatoom  was  retarded  in  growth,  and  everywhere  unpromiaing; 
ssil  and  sowlkeut  wjndi  prtrailed ;  ergo  (I)  early  in  June  the  cotton  caterpillar  was  re- 
ponad  in  large  nnmb«iB  in  Montgomery  and  Dallas  Connties  I 
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(4)  Early  In  June  file  winds  oliuiged  tbtix  eonne  from  east  and  Miitli«aat  to  kkiUi 
and  Kratbweat.    TheoaterpUlanpteBent  did  noluimwhateTer  for  ftill  three  montlia. 

Now,  let  oa  note  the  aeaaoiia  ftoin  Jnne  to  10th  S^tember,  what,  at  thia  latter  data, 
the  oaterpiUan  began  to  destni7  tiM  ctopa. 

Tlie  (eawni  from  June  to  15th  July  waa  dry,  and  the  wlnda  wrath  and  Bonthwaib 

A  ntluy  MMon  began  on  the  16th  Jnly.  We  had  daJly  rains  ontil  19th  Angut. 
tb^  winda  oontinned  to  come  from  sonth  and  aouthweat  all  the  niny  wsBaon.  Tha 
cateipillan  did  ae  harm  in  this  rainy  iaason,  althongh  tlfey  wore  alamingly  praaent 
'    Tlie  lain  oeaaed  6  dayi  to  begin  again  on  the  S&th  Aogtut. 

Hw  wind*  veered  on  the  SSQt  Angnst,  or  abont  that  day,  frcnn  aonth  and  acmUiweat 
to  eaat  and  aontlieaat,  and  by  10th  September  all  ll«/>Ua^t«dlaM  riripped  from  tha 

The  annunary  of  theee  beta  ii  that  (1)  early  In  Jnne  after  a  dry  U^,  dlaUngnlahed 
by  the  preratenoe  of  east  and  aontlieaat  winds,  the  oaterplllar  appeared ;  (3)  the  oat- 
arplllar  did  not  then  eat  the  crop,  and  oontemporaneonaly  with  iU  adveni  the  vlnda 
changed  from  east  and  eontheaat  to  aontfc  and  aonthwest ;  (3)  a  rainy  aeaaon  put  in 
ISth  Jnly  and  was  ezoeasiTe  andl  19th  Angoit,  and  tlie  wlnda  were  Math  and  Mnth- 
woat,  and  the  caterpillar  thongh  present  did  no  work ;  (4)  the  rains  began  again  Kill 
Angost  and  tiie  winds  were  then,  fi>r  Ae  Jbnt  ttmt  *lao«  Mag,  Mil  aad  tottluait,  and 
by  loth  September  the  oaterpiU^  had  deatrayed  the  erop. 

Tliere  were  two  aeaaona  of  eaat  and  aontheaet  wlndi  only,  one  in  U^  followed  by 
the  caterpillar,  another  trom  S&th  Angnst  to  lOth  September  followed  by  the  oat- 
atplllar. 

The  oaterplllar  was  present  from  June  nnlU  S5th  Angnst,  bnt  did  no  work,  and  in 
that  time  the  winds  were  tonth  and  sonthweet. 

What  eSeot  has  the  oonrse  of  the  winds  on  the  oharaoter  of  the  giowtli  ot  the  cot- 
'  ton  plant  1  and  what  oharaoter  of  growth  in  the  eottou  plant  is  fkvorable  or  nn&T<«- 
able  to  the  snstenuioe  of  the  oaterplllar  1 

Uy  obaerration  is,  the  prevalcoioe  of  east  and  sontlteast  winds  is  fellowsd  by  a  ridi, 
Jolcy,  sappy,  heaTy  foliage,  nerer  that  which  preoedea  a  heavy  finitagt  at  Uomu  oad 
MJ>;  and  that  the  preralenoe  of  south  and  southwest  winds  is  followed  by  small, 
pale-green,  iharp-polnted  foliage,  fororable  to  heavy  fruitage  of  blooms  and  bolls. 

I  have  also  noted  that  Um  oaterplllar  destroys  the  rich  foliage  maoh  more  greedily 
than  he  does  the  hud  pale-green  foliage. 

It  is  a  common  remark  that  a  "worm  yearisnever  a  cotton  year,  even  if  the  worm 
did  not  destroy  the  crop." 

I  nCTer  saw  a  good  yield  of  blooms  and  bolls  with  the  winds  from  east  and  aonth- 
r.  W.  DuBon,  PUm  Axid,  JfMl^osMry  Cemtg,  Atabm^t. 
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NATUBAIi  ENEMIES. 

We  bare  slread;  seen  that  meteorological  ctHiditioiia  may  &vor  or 
■retazd  tlie  mnltiplioatioii  of  the  Ootton  Worm,  bat  that  their  inflaenoe 
is,  in  a  great  degree,  indirect,  i.  e.,  by  favoring  or  letArdlng  the  work  of 
the  insect^a  natural  enemies.  Oarefol  observationB  in  the  field  for  a 
■fltDg^  season  will  oonTince  any  one  that  these  natural  enemies  are  for 
more  nameiona  than  has  hitherto  been  sapposed,  and  that  without  their 
aid  man  would  be  powerless  in  his  eflbrts  to  cope  with  an  insect  with 
Boeli  powers  of  mnltiplioation  as  Aletia  possesses.  Those  who  have 
earaftilly  watched  the  worms  in  any  given  spot  have  been  strack  with 
the  soddmi  disappearance  &om  day  to  day  of  a  certain  proportion  of 
them.  This  apparently  myeterioos  disappearance  is  admirably  set  forth 
tai  the  experiments  made  by  Professor  Willet  with  the  yeast  fnngns,  and 
quoted  fkrUier  on.  It  frequently  puzzled  and  baffled  Ur.  Schwarz  in 
his  effiwta  to  watch  the  worms  ou  certain  special  plants,  and  there  can 
be  no  donbt  that  it  is  due  mainly,  if  not  entirely,  to  the  efScient  work  of 
Batnra]  raiemiee,  especially  those  that  are  noctamal. 

Biaeo  iiie  introdnction  and  general  use  of  arsenical  poisons  as  a 
remedy  for  the  Ootton  Worm,  the  eoooomio  importance  of  lt«  natural 
«DMiiiee  has  greatly  lessened ;  as  many  of  these,  especially  snch  as 
bodily  devour  their  vietLms,  are  likewise  poisoned.  Yet  whole  crops 
«re  oooa^nally  saved  by  these  ftlends  to  the  planter,  as  Is  proven  by 
iostaDcea  given  fitrtber  on.  But  few  new  enemies  have  been  added 
to  thoM  treated  of  in  the  first  edition  of  this  work ;  but  the  habits  of 
many,  especially  of  the  parasites,  have  been  more  cioefkiUy  studied. 

rESTEBBATES. 

Among  qnadrapeds  the  Cotton  Worm  has  few  enemies  of  importance. 
Hogs  are  rather  fond  of  it,  as  attested  by  many  planters."  The  Baocoon 
is  also  reported  to  liave  been  seen  eating  the  worms  from  the  plants, 
and  breaking  these  down  i»  doing  so.  The  Skunk  and  the  Opossam 
have  also  been  known  to  feed  upon  it.  These  animals  can  do  little  good, 
except  where  the  worms  are  in  snch  large  numbers  that  they  travel  over 
the  ground  and  from  tield  to  field.  Bate  d'evonr  large  numbers  of  the 
moths,  and,  in  favorable  localities,  may  be  seen  at  evening  time  dash- 
ing over  the  cotton  fields  in  pureait  of  them. 

Birds  are  of  incatcnlable  benefit,  and  it  is  probable  that  most  of  the 
insectivorous  birds  which  prevail  in  the  South  feed  at  times  on  the  spe> 
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des,  either  in  its  lairaf  chrysalis,  oi  moth  state,  bat  only  those  which 
have  been  observed  to  do  so  will  here  be  mentioned.** 

All  domestie  birds,  as  tarkeys,  chickens,  guinea  fowl,  and  geese,  are 
fond  of  the  worms,  and  mf^  be  employed  with  benefit.  Tarkeys  are 
the  most  efScient,  bat  they  get  demoraUzed  when  looosta  or  grasshop- 
pers are  abnndant,  by  ronning  after  these,  which  they  greatly  prefer 
to  the  worms.  Prairie  chickens  aoA  qaails  often  do  good  work  in  de- 
vooring  the  worms,  while  a  Thrash  (probably  Sarporkjpuhtu  ntfua  L.), 
the  Kuin  Grow  or  Gaekoo  {Ooccygua  ainericanug  Bon.),  Blnebird  (8Mi9 
Malta),  Gardinal  Grosbeak  {Oardinalit  virginiatuu  Bon.),  Mocking-bird 
(Jfimiu  po^gtottua  L.),  Blae  jay  {Cganurut  oristatui  Sw.),  Sed-wing 
blackbird  (Agelttus  pheniceuM  Tieill.),  Bice  bird  [Doliehonyx  oryzivonu 
L.),  and  Killdeer  plover  {^gialitis  voei/era),  are  more  or  less  persifitent 
in  feeding  npon  theoi.  The  domestic  birds  and  some  of  the  wild  species 
Diay  be  attracted  to  a  field  by  scattering  a  little  com  or  other  grain  on 
the  gronnd.  The  most  efTeotlTe  help  to  man  is  rendered  by  the  gre- 
garious species  sack  as  the  Bice  birds  and  Blackbirds,  and  they  have 
protected  and  saved  fields  near  their  fovorite  resorts  or  resting-places. 
The  Bice  birds  occur  in  large  swarms  only  in  the  vicinity  of  swunps ; 
the  Blackbirds  are  more  generally  distributed,  bnt  nnfortonately  th^ 
nearly  all  migrate  northwfurd  in  Jane  from  those  localities  which  are 
most  exposed  to  the  attacks  of  the  worms,  and  they  seldom  return  again 
till  after  lh>st.  It  is  quite  amusing  to  watch  how  deftly  they  will  ex- 
tract the  chrysalis  from  its  leaf^  or  silken  covering.  Mr.  Hnbbard, 
while  at  Centerville,  Fla.,  fonnd  that  the  worms  had  appeared  in  great 
nombers  in  a  bottom  of  a  quarter-acre  patch  of  cotton  on  the  plantation 
of  a  neighbor.  Ou  Saturday  this  was  being  rapidly  eaten  out,  bnt  on 
the  following  Monday  not  a  worm  could  be  found,  and  the  cotton  was 
left  in  atatu  quo.  On  Saturday  and  Sunday  large  flocks  of  Blackbirds 
had  been  seen  in  the  neighborhood,  and  these  were  presumed  to  have 
devoured  the  caterpillars. 

We  may  also  mention  the  following  additional  species  as  among  those 
which  have  been  obsen'ed  to  destroy  the  worms :  The  Bee-martin  or  King- 
bird {Tgrannua  earoUnentit,  Baird),  the  Indigo  bird  {Oyanospiiia  cyoMea, 
Balrd),  the  Nonpareil  {Csunospiea  eirU,  Linn.],  the  Orioles  {Tcterua],  the 
Bam  swallow  {Rirundo  horreorum,  Bart),  the  Loggerhead  or  Sonthero 
shrike  (CoUyrio  ludovieianw,  Baird),  the  Sparrows  {^izella),  the  Wild 
tark^  {Meleagrit  gallopavo  var.  gallopavo),  the  Qnail  {Ortyx  virginianm 
Bonap.),  Partridge  {JSonasa  umbellua  var.  Kmhellua  Stephens),  the  Prairie 
chicken  {Cupidonia  cwpido  var.  cvpido  Baird).  Of  noctomal  birds,  sev- 
eral, and  among  them  the  Xight-hawks  (Ohordeilet),  are  supposed  to  feed 
on  the  moths,  bnt  the  proof  is  necessarily  difflcnlt  to  obttun  except  by 
shooting  aud  examination  of  their  stomachs,  and  I  cannot  find  that  this 
liaa  been  done. 

The  introduction  of  the  English  Sparrow  has  been  reconunended  by 
several  writers.    The  e:q»erience  so  for  had  with  it  wonld  indicate  that 
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little  good  is  to  be  expected  in  this  direction.  A  iiamber  were  obtained 
&Qm  New  York  and  let  loose  in  1870  atMaoon  Station,  Ala^  bat  did  not 
colonize,  while  in  Texas  ttiej  seem  unable  to  endore  the  intense  snm- 
mer  heat,  for,  while  they  are  found  below  latitude  30<^  in  winter,  th^ 
migrate  norUi  during  the  hotter  months,  or  just  when  they  would  be 
most  useftil  in  the  cotton  field.  It  must  also  lie  borne  in  mind  that  this 
bird,  except  daring  the  breeding  season,  is  more  graminivoroos  thaa 
insectiTorons.  The  almost  nnlTeraal  opinion  of  naturalists  is  that  the 
Introdaction  of  this  sparrow  was  a  great  mistake,  and  that  its  spread 
should  be  prevented  by  every  possible  means.*' 

The  little  tree  frogs  {genus  Eyla)  are  very  often  met  with  on  the  cot 
bm  plants  in  certain  parts  of  the  cotton  belt,  and  they  doubtless  take 
their  share  of  the  worms.  The  Green  Lizard  {AnoliM  prinetpalit)  is  also' 
frequently  to  be  found  upon  the  plants,  while  the  Ground  Lizard  [Oligo- 
toma  laterale)  occurs  in  the  fields  and  eats  caterpillars  with  avidity. 

mVERTEItllA  TES. 

These  consist  principally  of  Hexapods  or  true  insects.  The  spiders 
{Arachmida),  however,  furuiah  a  number  of  species  which  prey  upon 
the  worms.  The  following  species  have  been  collected  npon  the  cotton 
plant :  Oxgopea  viridatu  Hentz, "  Tkeridula  spkarula  Em.,  Huryopis/u- 
aefrric  Em.,  Atttu  ftudatu*  Hentz,  Epnra  ttellata  Hentz,  Linyphia  con- 
MtmU  Hentz,  Tetragnatha  extenta  Walk.,  Xy»ticus  quadrilineatut  Key- 
aerling,  Metumena  georgiana  Keys.,  aud  Argiope  fasciata  (Hz.). 

The  first-mentioned  species  is  widely  distribated  and  nests  on  cotton, 
although  usually  it  is  not  very  abundant.  The  notion  prevailing  in 
some  parts  of  the  country  that  this  spider  is  confined  to  the  cottoa 
plant  is  incorrect,  as  the  species  is  alao  found  abundantly  upon  weeds^ 
espeoi^y  in  moist  places.  ^Ir.  Hubbard  has  found  it  common  upou 
cotton  in  Florida,  and  has  seen  it  eating  bees,  leaf-hoppers,  and  other 
insects,  bnt  it  never  seemed  to  take  the  slightest  noticeof  Cotton  Worms, 
and  remained  for  hours  upon  the  same  leaf  with  a  worm  without  show- 
ing the  least  inclination  to  molest  it.  Mr.  Behwarz,  however,  has  ^een 
it  feeding  npon  the  worms  both  in  Texas  and  in  Alabama. 

PBBDA.OEOi;S  INSECTS. 

Of  true  insects  which,  ftom  their  well-known  carnivorous  propensi- 
ties, might  with  safety  be  placed  among  the  natural  enemies  of  the 
Cotton  Worm,  there  are  a  very  great  many,  especially  among  the  Cole-  - 
optera  and  Heteroptera;  bat  we  shall  refer  only  Co  those  which  have  been 
actually  observed  to  feed  npon  them;  and  then  note  some  of  the  species 
oommQnIy  fisand  in  the  cotton  field,  and  which  presumably  have  the 
same  habit. 

HTiiEnOPTBBA:  Wabps,  Ahts,  ETC. — In  this  Ordernoiieareof  greater 
importance  than  the  ants.  A  careful  observer,  while  going  through  any 
ootttm  field  the  latter  pa,^  of  summer,  has  no  difBculty  in  observing  th» 
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anta  oocnpied  in  clestroyiiig  the  eggs  of  Aletia,  or  still  more  &eqBentI; 
in  attacking  the  young  worms  that  are  helpless  vhile  in  the  act  of  molt- 
ing, or  in  devooring  the  Interior  of  the  still  more  helpless  chrysalides. 
Bven  old  worms  which,  from  cause  whatsoever,  once  get  to  the  groand, 
aro  almost  snre  to  &11  a  prey  to  these  persistent  and  voradons  little 
animals;  the  writhings,  jerking  and  jnmpings  of  the  worm  being  <d 
no  avail  against  the  constantly  increasing  munbers  of  the  enemy  that 
«ome  to  the  attB<^.  Attractive  as  is  the  honey  from  the  glands  of  the 
«ottou  plant  to  the  Cotton  Moth,  it  seems  to  attract  few  other  insects,  and 
«ven  the  ants,  that  have  snch  a  predilection  for  sweets,  are  only  oc- 
casionally fonnd  partaking  of  it.  The  nniversal  presence  of  ants  on  the 
cotton  plants,  and  of  their  nests  in  the  groand  at  the  base  of  the  plants, 
seems  largely  doe  to  the  similarly  nniversal  piesenoe  of  the  cotton  plant 
llce. 

The  ants  are  always  to  be  seen  bnsily  oocnpied  in  obtaining  sweets 
from  these  Aphides,  while  bnt  few  are  noticed  to  be  sacking  the  liqnid 
secreted  by  the  glands.  B'ow  the  plant-lice  rapidly  decrease  in  number 
with  the  advance  of  hot  weather,  though  they  never  disappear  entirely 
from  the  plants.  The  ants,  as  silmmer  advances,  are  thns  deprived  of 
a  large  portion  of  their  principal  food  supply,  and  as  their  colonies  be- 
come more  and  more  nnmeroos  with  the  progress  of  the  season,  they 
are  obhged  to  seek  other  food.  It  is  bnt  natural,  therefore,  that  th^ 
shonld  fall  to  preying  on  the  Ootton  Worm.  It  has  already  been  men- 
tioned that  rains  hinder  the  working  of  the  ants,  and  that  storms 
destroy  thun.  They  will,  therefore,  prove  moat  e^ctoal  In  assisting 
man  where  they  are  most  protected  from  heavy  showers,  as  on  new 
land  where  the  soil  is  nneven,  or  in  fields  where  there  a/m  stamps, 
trees,  && 

To  Mr.  Trelease  the  work  of  the  ants  seemed  so  important  as  to  sng- 
gest  the  i>ossibility  that  the  nectar  glands  of  the  cotton  plants  were 
originally  developed  by  natural  selection  for  the  purpose  of  attracting 
sjits  which  shonld  act  as  protectors  against  the  attacks  of  Aletia  or 
some  other  enemy. 

The  species  actaaUy  observed  destroying  the  cotton  worm  have  either 
been  determined  or  described  by  Bev.  H.  0.  McOook,  and  are  as  follows : 
Dotymyrmx  inamua  (Bnckley),  D.  fiavm  McOook  (variety  of  ituantu), 
ZriAomymex  naocooln,  Solenopsis  xyloni  McCook(=&0m»na&i  Fabr.), 
and  Monomorium  carbonarimn  Smith.  In  addition  to  these,  CremaaUh 
.  gaata-  Hneoiata  Say  and  C.  olara  Mayr  are  found  nesting  in  the  cotton 
fields  and  may  be  safely  counted  among  the  enemies.  For  descriptions 
of  these  species  see  note"*. 

The  most  common  and  effective  species-  in  the  Soatbwest  is  the  Solo- 
noptU  gtminata  Fabr.,  a  small  species  (Fig.  10)  averaging  2.8<™  in  length, 
and  of  a  pale  Aiscona  color,  with  a  darker,  piceoas  abdomen. 

Among  the  Dorylidie  (a  ikmily  closely  related  to  the  ants  and  oonsid- 
eced  by  some  as  belonging  to  them)  we  have  found  Labi^a  harrWi 
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Bald.,  and  L.  melgheimeri  Haiti,  are  found  very  abundanti;  in  tbe  cot- 

too  fields,  aod  presaiiiably  feed  upoa  tbe  v 
While  we  have  rei)eatedly8een 

this  species  attackiDg  worms  that 

were  Dpon  the  ground,  we  have 

bat  ODce,  at  Macon  Station,  Ala., 

witnessed  it  feeding  on  a  yoong 

vorm  on  the  plant ;  but  so  many 

correspondents  have  witnessed 

the  good  work  of  ants  that  there 

can  be  no  question  as  to  the  gen- 
eral correctness  of  the  above  coa- 

clnsioDS,   thoQgb  it  is  donbtfnl 

whether  a  worm  is  ever  attacked 

by  ants    except  when,  from  the 

causes   mentioned,  it   is  excep- 
tionally helpless.    Again,  some 

speciesof antsaremoreferocions  < 

than    others,  and  tliey  will  act 

differently  in  different  localities ; 
htiice   there   is   a   difference  of  t^^p"!,' 

opinion  among  plautei-s  as  to  '*'"""'■  ''^^  ''"''■  '^"*"'  ^'^'^'"''■' 
tlieir  inflnence.  We  have  therefore  endeavored  to  get  more  reliable 
and  extended  expenence  on  the  subject,  and  have  especially  charged 
our  assistants  to  make  careful  observations  on  tbe  subject.  Some  of 
tliese  may  here  be  quoted.  Mr.  Hubbard  reports  as  follows  his  obser- 
vations in  Florida: 

"Auto. — Apparently  only  two  species  are  commonly  found  in  the 
cotton  fields,  both  of  which  are  more  or  less  predatory  on  Aletia.  I 
am,  however,  of  the  opinion  that  the  value  of  the  services  of  ants  in 
de.-itroying  the  worms  hits  been  much  overestimated.  It  is  true  that  in 
tlic  hottest  weather  worms  wliicU  from  some  mischance  fall  upon  the 
heated  ground  are  soon  exhausted,  and  often  become  an  easy  prey  to  ants 
if  a  colony  happens  t«  be  near  at  hand.  A{  soeli  times,  also,  I  have  re- 
marked that  tbe  stings  of  the  latter  seem  to  iiOHsess  a  greater  virulence, 
and  have  a  powerfully  paralyzing  effect  upon  tbe  worms.  Numerous 
experiments  made  by  dropping  grown  worms  into  the  midst  of  excited 
swarms  of  ants  showed  that  at  midday  50  per  cent,  and  during  tbe 
cooler  honrs  80  jwr  cent  escaped  from  their  ]>er8ecntors  and  found  their 
way  again  on  to  the  plants,  whither  they  were  rarely  followed.  I  have 
never  seen  a  worm  attacked  with  any  persistence  when  fcediog  on  the 
plants ;  on  the  other  hand,  I  have  a  number  of  times  fieen  an  aut,  which 
had  incautionsly  approached  too  near,  violeutly  flung  to  a  distance  by 
a  blow  from  a  worm,  which,  in  such  a  case,  nses  the  anterior  half  of  ita 
body  as  a  club. 

"Sot  once,  but  many  times,  will  a  caterpillar  free  itself  by  a  flip  of 
its  body  when  seized  upon  the  ground,  while  upon  the  plants,  unless 
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attacked  in  foice,  an  occorrence  which  I  hare  never  seen,  they  seem  to 
me  completely  master  of  the  situation.  I  foand  that  when  pups  were 
dropped  among  the  ants,  or  placed  upon  the  gronnd  near  their  coloniea, 

,  they  were  deTooied  in  six  or  eight  hours'  time.  Ants  were  often  seen 
swarming  npon  larvte  and  pupte  in  their  webs  upon  the  plants,  bnt  in 
nearly,  if  not  quite  all  snoh  casea  the  larve  and  popee  had  been  injnred, 
possibly  by  a  bird.  I  have  not  been  able  to  obtain  any  evidence  that 
the  ants  destroy  the  yoang  or  eggs  of  AletJa. 

"  Of  the  two  species  of  ants  observed,  one  (Dorymyrmexjiarma  McCook) 

'  Is  testaceous  in  color,  timid,  and  very  active.  It  mns  after  a  caterpillar 
Dpon  the  ground,  bnt  does  not  take  good  hold,  and  is  invariably  thrown 
otL  It  makes  gaite  a  large  cavity  below  the  month  of  its  gallery,  which 
is  also  a  consider>iblo  apertare.  A  worm  dropped  into  this  cavity  usa- 
ally  disappears  from  sight  for  several  minutes,  bnt  invariably  makes  its 
appearance  again  at  the  mouth.  It  finds  great  di£Qculty  in  getting  out, 
even  if  not  disturbed  by  the  ants.  Usually  it  is  followed  by  a  swarm  of 
its  enemies,  and  repeatedly  falls  back,  bnt  almost  always  gets  away  in 
the  end.  Several  caterpillars  were  replaced  dve  or  six  times  and  dropped 
out  of  sight  in  the  galleries  of  strong  colonies,  and,  although  severely 
bitten  and  bleeding,  they  escaped  at  last.  A  few  worms  snccumbed  to 
the  attacks  of  the  ants  after  having  been  repeatedly  thrown  back. 

"The  second  species  (Solenopm  xyloni  McCook]  is  dark  brown,  smaller, 
and  leas  active,  bnt  much  more  conrageoos.  It  is  often  seen  marching 
in  columns,  tuid  makes  long  subterranean  galleries  just  below  the  snr- 
fiace  of  the  ground,  with  numerona  e:cits  along  its  course,  from  which 
qnantities  of  finely-divided  earth  are  thrown  out.  It  is  much  more  ag- 
gressive than  the  first  species,  attacks  aworm  fiercely,  and  holds  on  with 
great  pertinacity,  bnt  does  not  follow  np  the  attack  when  once  the  car- 
erpillar  has  made  its  escape.  It  hae  a  very  severe  sting,  which  ptu^lyzes 
the  worm.  The  latter,  however,  recovers  if  not  too  badly  bitten.  Most 
worms,  when  stung  behind  the  middle,  appear  to  be  unable  to  use  the 
anal  prolegs,  but  can  usually  spring  away.  Sometimes  the  worm  is  en- 
tirely paralyzed,  yet,  if  rescned  in  time,  recovers,  and  I  have  bred  the 
moths  firom  such  individuals.  Notwithstanding  its  powerfnl  weapon, 
I  do  not  believe  this  ant  can  destroy  a  larva  unless  favored  by  chance, 
or  unless  tbe  attack  is  made  by  great  numbers  and  upon  tJie  gronod. 
After  the  caterpillar  has  webbed  up  and  become  helpless,  both  these 
species  of  ants  are  occasionally  found  to  attack  it,  I  select  firom  numer- 
ous field  notes  the  following  in  confirmation  of  the  conolosions  I  have 
drawn: 

"Angiist  35. — The  ants  do  not  seem  to  attack  the  young  larvte  and 
eggs  of  Aletift  which  were  crowded  on  the  leaves,  and  yet  they  (the 
ants)  swarm  under  the  netting  and  eat  up  pupte  placed  in  jiirs  or  boxes 
on  t!io  ground.  I  think  tliis  a  very  fair  test  of  the  work  done  by  the 
ants,  since,  with  every  conilition  favorable,  thi-y  fail  to  clear  oflf  young 
larvte  and  eggs  upon  plants  at  the  foot  of  which  they  have  very  strong 
colonies. 
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*=Angust  27. — In  the  morning  caterpillars  dropiMjd  into  the  toidst 
of  a  very  Rtrong  colony  of  brown  stinging  ants  (SQlenopaia  xyUmi)  were 
I'eiy  qaickly  destroyed;  some  of  them  made  hardly  any  effort  to  escape. 
The  same  colony  was  experimented  on  in  the  heat  of  the  day,  and  fonr- 
fiftbs  of  the  caterpillars  escaped. 

"Aagaat  28. — Exx>eriments  made  with  a  colony  of  brown  ants  (ap- 
IKtreatly  Dorymyrmae  _fiav«s)y  by  dropiting  caterplliars  iu  the  path  of  » 
moving  colamn,  resalted  in  the  escape  of  fifteen ;  Ave  were  killed  by 
the  ants.  I  have  several  Umea  observed  a  colamn  of  the  same  species 
of  ants  engaged  in  robbing  colonies  of  another  common  species  and 
at  KQch  times  they  are  much  less  inclined  to  attack  caterpillars  in  their 
pntti.  I  have  never  yet  witnessed  the  oaptare  of  a  oateipillaT  apoa 
the  plants  by  ants  unless  it  bad  webbed  np  and  was  stiffened  to  form 
pupa.  Daring  the  hottest  hours  of  the  day  the  worms  were  more  pow- 
erfully aflected  by  the  sting  of  this  brown  ant,  and  a  greater  proportion 
were  <»ptaied  by  them  at  this  time;  a  caterpillar  sometimes  saeomnbed 
after  being  twice  stung." 

The  following  extracts  &om  Mr.  Schwaiz's  not«B  are  interesting  in 
tbi:i  connection: 

"  Of  ants  only  three  species  were  actually  observed  to  attack  worms 
or  chiysalids,  Dorymyrmex  iiuanvs,  SoleiKpsia  xyUmi,  and,  on  a  single  oc- 
&u9ioD,  a  small  undetermined  species.  The  first  two  species  are  veiy 
common,  and,  in  my  opinion,  the  only  ones  which  are  of  importance  in 
this  Cotton  Worm  matter.  The  colonies  of  all  these  apecies  are  to  be  met 
with  in  the  cotton  fields.  The  former  are  always  small  and  consist  of 
foaud  or  oval  subterranean  excavations  connected  with  the  surface  by 
a  single,  almost  vertical  gallery  at  the  entrance  of  which  no  hill  of  up- 
thrown  soil  is  raised.  Solmopsis  xyUmi,  on  the  other  hand,  very  often 
forms  lai^  colonies  on  places  not  disturbed  by  plowing  or  other  oansea. 
Those  in  the  cotton  fields  are  nsnally  very  small,  without  doubt  on  ac- 
count of  the  frequent  disturbances.  There  is  always  a  hill  of  loose  soil 
or  sand,  as  the  case  may  be,  raised  by  this  ant,  through  which  several 
entrances  lead  to  shallow  bnt  large  irregular  excavations  below  the 
surface  of  the  ground.  Therearetwoor  moresuch  chambers,  one  above 
the  other.  A8caral»Bidbeetle,£upanacaslanea,  is  inquilinous  with  this 
ant,  and  hundreds  of  them  occur  in  a  large  colony.  Its  larva  is  found 
in  the  innermost  part  of  the  nest,  and  feeds  npon  the  roots  of  grasses; 
the  beetle  is  to  be  found  in  all  parta  of  the  nest,  bnt  rarely  in  yonng 
colonies. 

"Aw  to  the  efflcacy  of  these  two  species  of  ants,  I  wish  to  remark  that 
on  several  occasions  I  saw  them  at  work  destroying  larvte  or  chrysa- 
lides which  I  had  every  reason  to  suppose  were  in  healthy  condition 
when  attacked.  In  one  instance  I  saw  them  attacking  a  moth  just 
issuing  &om  the  chrysalis.  More  often  they  attack  worms  which  are 
wounded  or  disabled  by  other  enemies,  and  papse  which  have  been 
stong  by  some  Heteropteron,  or  which  are  rotten.    They  attack  tn- 
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quently,  howcve^,  the  yoimg  larvse  in  the  act  of  moitinf,^  I  never  ii<^- 
ticed  theiu  dragging,  or  trying  to  drag,  <)oa«l  worms  into  their  uest.-. 
At  Selnia,  Ala.,  I  never  saw  the  ants  destroying  au  egg  of  Aletia.  1 
witnessed  it  at  Columbus,  Tex.,  but  cunuot  tclt  at  present  whether  this 
egg  had  not  been  previously-  injure<l  by  some  other  enemy.  When  1 
returned  from  Texas  I  had  a  very  higli  ojiinion  as  to  tlie  efficacy  of  thesiv 
two  speciea  of  ants,  but  since  my  stJiy  at  Selmu,  wbere  I  paid  particu- 
lar attention  to  the  subject,  I  have  inoilitied  my  opinion.  Out  of  about 
ten  cases  where  the  ants  are  seen  destroying  worms  it  is  quite  certain, 
in  my  opinion,  tlint  in  nine  of  them  the  victim  was  previously  severely 
injured  by  some  other  enemy.  In  spite  of  this  fact,  however,  there  Ciiii 
be  no  doubt  in  my  mind  that  the  ants,  on  account  of  their  enormous 
numbers,  are  to  be  considered  as  the  most  imi>ortant  enemies  of  the 
Cotton  Worm." 

The  reports  of  other  agents  in  much  the  same  strain  seem  to  prove 
quite  conclusively  that  the  work  of  ants  has  been  to  some  extent  over- 
rated; still  their  numbers  must  always  make  them  important  enemie^t 
of  the  worm.  Tbe  great  dift'ecence  of  opinion  amongst  observers  upon 
this  point  is  to  a  certain  extent,  without  doubt,  due  to  the  difference  in 
location,  as  in  some  localities  the  ants  may  be  more  active  than  in  others, 
or  different  s|)ecios  may  be  concerned.  It  is,  moreover,  a  question 
wherein  preconceived  ideas  will  have  great  weight  in  considering  evi- 
dence. Take,  for  instance,  the  case  of  an  observer  who  sees,  ui>on  one 
or  several  occasions,  an  ant  in  the  act  of  devouring  au  egg  of  Aletia. 
He  will  be  panloned,  perhaps,  for  considering  this  conclusive  evidence 
of  the  good  done  by  the  emmets;  but  when  we  remember  that  many 
eggs  arc  pierced  and  sucked  by  species  of  Triplileps  and  allied  plant- 
bugs,  and  that  in  all  of  these  broken  eggs  more  or  less  of  tbe  contents 
is  left,  it  becomes  possible  that  the  ants  may  in  such  case  act  simply  a.s 
scaveugcrs  after  the  feast  of  the  Triphleps,  One  thing  seems  quite  con- 
clusive, viz.,  that  thoy  are  useful  chiefly  against  the  newly-batched  or 
newly-molted  or  disabled  worms. 

The  leaf-ciitting  ant  of  Texas  {Oecodoma  ferments)  should  also  be  men- 
tioned here,  for  when  it  invades  a  cotton  field  it  makes  a  clean  swee[> 
of  every  worm  and  pupa ;  but  it  also  ruins  the  plant,  taking  off  leaves, 
blossoms,  bolls,  and  tender  stalks. 

Certain  of  the  true  wasps 
{Vespa  Carolina  Drury,  1', 
germanica  L.),  some  Paper- 
wasps  {Folistcn  bclliciixa 
Cress.,  P.  rubiginomt  St-  F. ), 
and  .».ome  DiKger-was])s 
.  {!Si>hi:i-' vfrruka  De  Geer,  ,v. 
^  pennnylvanica  Linn.,  and  an 

FlG,1l.-f'.iii-/r:.rul..ffino(a;  a,  wasp,  d,  »|irin);  dvsI.         Ulldotenililied      SpCcies)      oi- 

CBsionally  carry  off  a  worm.  Of  other  larger  nyineno|»tera,  M-neilnln 
<Mro/»nrt,Fiilir.,  l-^Hx  l-iiot'i/'i,  Fabr.,  /-,'.  pliimiiia.  Dniry,  rvliipitun cd-niV-us, 


Fio.   1^— Pollilcf  beBuxta. 
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Liuu.,  P.  penayhranica,  Liun.,  and  Priononyx  tkomcc,  Fabr.,  are  oftea 
fuuud  in  the  cotton  fields,  and  certain  of  them  have  been  observed  feed- 
ing on  the  worms,  ^[r.  Trelease  has  ob- 
served Polistea  bellicosa  searching 
leaves  tor  worms,  and  relying  on  the 
tactile  sense  of  the  autennte  rather  than 
on  sight  to  find  them.  The  instant  a  worm 
was    tonchetl,   recognizing    its   enemy,   it 

would  throw  itself  from  the  leaf,  the  Pol- 

istes  quickly  springing  after  it.    One  wasp 

was  observed   thus  to  spring  eight  times 

unsocccsafully,  the  uinth  time  catcbiiifr  and  ' 

devouring  the  worm.     Both  species  of  Polistea  were  several  times  seen 
.flying  about  with  dead  caterpillars,  having  previously  reduced  them  to  a 

pulpy  mass  with  their  mandibles. 

OoLEOPTBRA,  ou  BEETLES. — Of  this  order  numerous  species  Iwlong- 

ing  to  the  families  of  Tiger-beetles  (Ci'et'mdeiMte)  and  Gtound-l)cetIc8(<7ar- 

abider)  have  been  observed  to  prey  upon  the  worms,  each  species  being^ 

represented  by  but  a  very  small  number  of  si»eci- 

ineiis  when  compared  with  the  ants.    These  beetles  , 

are  nevertheless  among  the  most  voracious  insects 

knowu  to  us.    Most  of  them  are  nocturnal  in  their 

habits,  and  are  thus  moi-e  apt  to  escape  the  attacks 

of  birds.      They  devour  their  prey  bodily,  and  as 

they  are  frequently  met  witU  in  cotton  fields  very 

remote  from  their  hidinj;  places,  they  are  probably 

attracted  by  the  smell  attending  the  worms.    The 

following  is  a  list  of  the  species  actually  observed  F"''>—^''«=*'»"'v''''on- 

feeding  thereon:    Tetracka  Carolina  (Linn.),  T.virfiinica  (Linn.),  Cicin. 

dela  aperata  Lee,  Cioindela  punctulata  Fabr.,  Calosoma  sapi  Dej.,  Eeliuo- 

morpka  latioomis  (Dej.),  If.  tera/ta 

Lee.,  Oalerila  atripes  Lee.,  Brack- 

inuss]).,  Aphelogenla/iircata  (Lee), 

CaUida  decora  (Fabr,),  Loxandrua 

lucena    Chaud.,  L.  crenattis    Lee., 

rteroslichus  sayi  Brull.,  aud  SeUn- 

ophnrns  Itextts  Lee.    The  number  of 

Cicindela  holes  in  the  cotton  fields 

is  astonishingly   great,  the   most 

abundant  s[>ecies  being   Cicindela  , 


Fta.  \i.--C<etti4tla  rplendida  ,- 


punetulata.  The  larvie  dnig  into  their  holes  every  Cotton  Worm  which 
cLances  to  craw!  over  the  mouth,  aud  many  are  thus  destroyed  during 
the  migration  of  the  worms,  towards  the  end  of  the  tieiison.  Ordinarily, 
Jiowever,  the  number  of  worms  captured  by  these  Tiger-beetles  is  very 
small.  Tlie  accompanying  cut  (Fig.  14)  of  Cicindela  uplendiiia  from  the 
first  report  of  tUc  Couimissiou  will  indicate  the  character  of  the.-io  tiger- 
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beetle  larvn.  Catlida  decora  is  an  exceedingly  commoil  species  Id  parts 
of  the  Soutli,  aad  both  larvte  and  adults  destroy  the  Cotton  Worms,  The 
larvie  of  this  beetle,  apon  one  occasioQ,  according  to  Mr.  Hnbbard^  were 
sufBciently  nameroas  to  caase  a  marked  decrease  in  the  nnmber  of  the 
worms  in  certain  parts  of  the  field  {at  Crescent  City,  Fla  ).  They  cap- 
tured the  young  larvse  upon  the  leaves  in  great  qaantities,  and  even 
successfaity  attacliod  grown  worms  many  times  their  own  size  and 
weight.  The  imago  of  the  beetle  not  only  destroys  full-grown  iforms. 
but  was  found  eating  the  chrysalides. 

A  number  of  different  Ladybirds  ( CoccinellidcE)  are  constantly  foand 
upon  cotton,  and  their  larvse  have  occasionally  been  observed  to  eat  the 
*gg8  of  Aletia.  These  larvte  have  also  been  found  to  destroy  large  chrys- 
alides of  other  moths  while  yet  soft  after  the  transformation,  biting  large 
holes  in  them  and  sucking  the  juices,  and  will  un- 
->Atr  doubtedly  be  found  to  destroy  Aletia  pnp»  in  the 
■^^y  same  way.  The  small,  obscure  beetles  with  flocca- 
lent  or  cottony  larvK,  belonging  to  the  genus  Scyix- 
WMS,  are  especially  abundant,  but  they  have  nevor 
Ln^vbini'~fl  iurv»'f*pu'  l*^'!!  satisfactorily  provcn  to  prey  upon  Aletia  in 

pa;  i,  beetle.'  (After Rilef.)  ^uy  state. 

Soldier- beetles   {Tclrphoridw)  and  "Fire-flies"  (Zowipj/ridtp)  are  also 

quite  common  on  cotton.    The  beetles  are  polliriivorous,  while  the  lar\"fe 

are  predaceous,  and  in  several  instances  have  been  known  to  destroy 

Aletia.   Two  full-grown  larvie,  which 

we  recognize    as   those  of  Chaulio- 

gnatk'ua  americanugf  were  fonnd  by 

Vi'T.      ^Ir.  Hubbard  feeding  upon  Cotton 

/"ila^i     Worm   chrysalides   on    the  leaves. 

One  of  these  larvse  had  devoured 

Fic.  i8.-CToHKounoaiuame™anM:  o.inrvai  OHO  cutirc   pupa  aud  was  engaged 

of  Mmc!  e.  icEi  (.  be,.iipro,  b,  ii^tuiui  aiti.  ihe  upou  another  wheu  captured, 

iMtonlarg.-d.    (AfliT  Itili.v.) 

We  have  also  observed,  as  has  also  Mr.  Patton,  the  same  siwcies  feed- 
ing upon  pup<e  of  Aletia  in  Alabama.  In  addition  to  what  we  -  have 
]mblished  on  the  habits  and  transformations  of  this  beetle  (Mo.  Ent. 
Iteports,  I,  p.  57,  and  IV,  p.  28),  the  following  notes  by  Mr.  Hubbard  on 
its  earlier  life-history  are  interesting: 

Tfao  eggs  of  Cliaaliognatliiii  pemylranicu*,  which  you  gave  nie  at  SavaDiiah,  Augiisl- 
4  (m;  No.  G2),  hatched  durinic  the  night  of  August  9.  Ou  August  10  I  mouDted 
twelve  of  the  larvce  in  balaam  (Slide  No.  6S).  I  Hucceedcd  in  feediug  tbem  on  young 
ajihUls  from  eottou,  tlie  bodies  of  which  I  crushed.  They  wore  very  timid,  and  ale 
epariagi;.  Tbe  color  is  silver  gray,  almost  white.  August  12  the  lurvie  retreated  to 
bottom  of  earth  in  the  bottle,  uud  eorled  tiji  io  clusters.  In  two  or  three  hours  (I0.4o 
A.m.)  tliey  bad  moulted.  Tbcir  color  uow  changed  to  a  lead  coloi,  or  moaeo  color. 
Immediately  after  moulting  they  bccamo  very  aclive,  climbiog  all  over  Ihe  sides  of 
the  jar.  I  gave  them  cruelied  I'liora  aJtUa,  aiid  they  sucked  the  Juice  readily.  Tlicy 
attacked  the  uninjured  ninggotM,  but  were  unable  to  iiierce  tlie  skin.  I  ])rcserved 
seveTaIiu'WickersheimsoIutiou<Ko.  G2,  B).  I  gave  them,  August  15,  aspe^ieeot  large, 
loAApbli,  found  on  cockle-burr,  but  they  did  not  relish  them,  and  ate  but  little.  They 
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■ko  ate  spariogly  of  crushed  Al«lia  larvie,  but  prefer  the  Pkorai  to  everything  else. 
Angiut  17  they  retired  to  bottom  of  the  hottle,  and  irero  torpid  two  days.  Angast  19 
all  had  completed  their  second  moalt,  and  are  darker  in  color.  They  are  now  quite 
Urong,  and  can  pierce  the  skin  of  Phora  maggots  given  them  for  food.  The  markings 
oo  d<wBBni  are  now  quite  diatinct.  (H.  0.  Habbard,  Centerville,  Fla.,  Angaiit  21, 
l6^.—AmentKt»  E»Umoli>gUI.  Ill,  pp.  349, 250.) 

A  namber  of  other  beeties,  as,  for  instance,  Collops  quadrimaculatut 
(Pabr.),  baviog  caroirdroua  habits,  are  foaad  upon  theplant,aDd  may  by 
foitber  observatioa  be  added  to  the  eDemies  of  Aleda;  Thile  a  miaute, 
yellowish- brown  species  (Sericoderug  fiaviiua  Lea),  beloDging  to  the 
Cttn/lophidaf  has  beea  foaad  feediag  on  the  formiag  chrysalis  while  yet 
soft  aud  helpless. 
Hetebopteba,  OB  HAI.P-WINGED  BUGS. — Nezt  to  the  ants  ia  nse- 
fulness  as  natural  checks  are  sun- 
dry species  of  rapacious  or  Soldier- 
^  bugs,  as  they  are  popularly  called. 
These  belong  exclusively,  so  far  as  1 
observed,  to  the  families  CydnidcB, 
"         *  AnthocoridtE,  Scutelleridce,  and  Be-    I'm  is.— PodUm  qrfno- 

.^  .";^^^J^ fjj[  duviida.  They  sack  out  the  juices  •pg.'^AfiMkuiiy"'' '" 
Sit^'i^'toi'' (AT-  of  t^^ir  prey  ^y  means  of  a  short  but  sharp  beak,  and 
itifSiks)  the  young  have  precisely  the  same  habits  as  the 

matare  insects,  though  oft«n  differing  greatly  in  appearance.    They 
are  almost  all  active  during  the  day,  but  a  few  work  also  at  night. 
The  species  actually  observed  destroying  ^ 
Cotton  Worms  are:  Podisua  cynioua  (Say), 
P.  spinoius  (Dall.),  P.  punctipes,  JBusckiatug  i 
fiaailu  Dhler,  Proxyg  punctulatus  (Beauv.)  * 
(see  Fig.  30),  Prionotua  cristatua  (Linn.), 
Apiomervg  crussipes  (Fabr.),  Pkymata  erosa  fio.m.-p™*. 
«■      din.  (Linn.),  jWcioMoIestespictpus  (H.  Sch.),  iSteno-  (OriginaL) 
"'iriMRUey.)  poda  cinerea  Lap.,  (Ebalitg pugnax  (Fabr.),  (see  Fig.  21), 
Bepipta  taurus  (Fabr.),  Aceratodea  eornutus  Burm.,  Zelua  Ulobw  (9ay), 
Triphlepi   itmdiosus    (Bay),    Baphigaster 
hilaris  (Say),  Sinea  diadema  (Fabr.)  (see 

IFig.  19),  and  Metapodius  femur  atus  (Fabr). 
y8eeFig.22). 
I        The  spined  Soldier-bug  {Podisus  apt- 
^   nosus,  Figs.  17  and  18)  seems  to  be  i>er. 
riB.iL—<Eba.  baps  the  most  abundant  and  effective  of 
VjTi^il"''  the  above  list.    It  is  found  all  through 
the  cottoa  belt,  and  seems  to  prefer  to  attack  the 
fnll-grown  worms,  though  it  is  frequently  seeu  Buck- 
ing the  juices  of  the  less  protected  chrysalides.    Its    f:ci.  iz.—iiiiapodiitt 
puncture  is  uot  always  fatal  to  the  worms.    Mr.  ■'™'™^-    turfgi™!-) 
Scbwarz  on  one  occasion  had  under  bla  observation  two  worms  which 
he  thinks  had  been  stung  by  the  Soldier-bugs,  and  succeeded  in  both 
03  COHG- — 7 
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cases  in  rearing  tlie  moths.  PodUua  apinosus  Tras  never  observed  sack- 
iiig  tbe  cottOQ  bolls ;  but  P.  punctipea  was  frequently  caught  ia  the  act. 
The  bugs,  however,  are  so  closely  related  that  their  habits  are  probably 
similar. 

Tbe  eggs  of  P.  spinosu^  (Fig-  ^^t^)  ^''^  bronze-colored,  caldron-shaped 
objects,  with  a  convex  lid,  around  which  radiate  fifteeu  or  sixteen  white 
spines.  They  are  attached  side  by  side,  in  clusters  of  a  dozen  or  more, 
to  leaves  and  other  objects,  and  are  very  subject  to  the  attacks  of  a 
Proctotrnpid  parasite  of  the  genus  Tehnomug.  The  young  bug  is  ovoid, 
shiny  black,  with  some  briglit  crimson  ubout  the  abdomen.  In  the  full- 
grown  larva  (Fig.  ISb)  four  yellowish  spots  appear  on  the  thorax,  and 
the  abdomen  becomes  more  yellowish.  In  tbe  so-called  pupa,  distin- 
guished by  wing-pada,  the  ocher-yetlow  extends  still  more,  and  in  the 
perfect  insect  tbe  black  entirely  disappears.  In  the  immature  stages 
tbe  shoulders  are  rounded,  not  pointed.  The  antennte  are  foar-joint«d 
instead  of  five-jointed  as  in  tbe  adult,  and  the  feet  or  tarsi  have  bat  two 
joints  instead  of  three. 

The  diet  of  tbe  young  seems  to  be  principally  vegetarian,  but  we 
have  mentioned  (Fourth  Sep.,  Ins.  Mo.,  p.  20]  instances  where  the 
larva  has  often  been  seen  to  destroy  larvw  of  the  Colorado  Potato- 
beetle  four  or  five  times  its  own  size. 

-The  thick-thighed  Metapodius  (Af. /cmorata,  Say,  Fig.  22),  which  in 
the  first  edition  was  placed  in  the  list  of  probable  enemies,  faas  Biiice 
been  observed  in  the  act  of  destroying  full-grown  worms.  It  has  also, 
however,  been  seen  to  pierce  and  suck  bolls. 

Huch  more  cfi'ective  than  the  larger  Heteroptera  were  two  small  spo- 
cies,  both  extremely  abundant  on  cotton  near  Seima,  and  very  fre- 
quently observed  attacking  Aletia.  The  one  is  Triphlept  insidiosus, 
which;  with  its  larva,  may  be  considered  as  a  special  destroyer  of  Ale- 
tia eggs.  It  was  very  often  found  with  its  beak  inserted  in  the  eggs, 
busily  engaged  in  sucking  out  tbe  contents.  The  empty  eggs,  with  the 
hole,  plainly  observable,  were  also  fre(]ncntly  met  with.  It  was  also 
often  met  with  in  large  numbers  in  balf-empty  pupai,  whivbit  had  possi- 
bly killed;  but  it  has  not  been  seen  to  attack  the  worms.  Another 
species  was  often  seen  sucking  worms  of  all  sizes  and  also  pnpse,  and 
even  on  one  occasion  a  moth  was  attacked  just  as  it  was  coming  forth 
from  its  pupa-skin. 

Tbe  following  species,  commonly  found  in  cotton  fields,  but  not  yet 

\  actually  obscr\ed  to  feed  on  the  worms,  may  safely  be 

^  regarded  as  having  tbe  habit,  while  several  others  might 

be  added,  some  of  which  combine  the  caniivorons  with 

\  the  plant-feeding  trait;  Stiretrvs  Jimbriatvs  (Say)  (see 

1r  Fig.  23),  var.  diana  (Fabr.),  Euichietng  pwnctipes  (Say),  E. 
tristifftnua  (Say),  Tkyania  cusiator  (Fabr.),  Eoagorat 
vie'ii.—stinirni  viridis  Uhlcr,  Merocoris  diaUnctus  Dall.,  Anaaa  armigera 
MW«M.    (4fter  g^y^  ^^^  Sezara  pemylmniea  De  G. 
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DiPTEBA,  OE  Two-winged  Flies. — !ii  tbis  order  tbe  only  species 
lliat  attack  the  worms,  aud  probably  the  uiotlis  ulso.  belong  to  the 
Atilida,  a  family  of  large,  fierce  files 
tliat  pounce  u|>oD  otlier  iosects  as  a 
hawk  [wuuces  uim>u  otlier  birds,  and  suck 
their  substance  by  nieans  of  a  etroug  ^ 
l>eak.  But  two  species — one  the  Proeta- 
caMtkua  milberli  Maet).  (see  Fig.  24),  the 
other  su  nudescribed  Asilus — have  been 
Keen  destroyiDg  the  worm  so  far.  Aailus 
tervxua  has  been  observed  to  catch  the 
motbs  upon  tbe  wing,  afterwards  eating 
them;  while  Erax  apiealU  Wied.,  J>i«j7.  ^.^>:'j2*-r*™'™'^<« ""«*"•.  (After 
wiUx  discolor  Irf»ew,  and  several  s|>ecieR  belonging  to  the  above-named 
genera  and  to  PromackuB,  Lapkria,  and  Dizonias  are  not  uncommon  in 
the  cotton  fields. 

These  flies  dejiosit  their  eggs  under  ground.  The  following  descrip- 
lion  of  the  act  of  oviposition  is  taken  from  a  note  by  Mr.  Hubbard,  in 
the  American  Entomologist  (vol.  iii.,  p.  250): 

"  I  »Iao  obaerred  a  light  yellow  Aiila»-fig  ovipositiug  iu  tlic  gnmiiil  in  un  upon  space 
Wtse^u  tbe  colUiu  rows.  Sbe  inBcrteil  ber  abjoiiieii  Ui  a  dpplh  of  half  au  inch,  and 
d-iMMitril  ouly  three  or  fnur  eggs,  which  I  aeciiniil.  During  ovipuBirion  sho  imitated 
iiiunt  touiicnlly  tbe  nctiona  of  &  dog  dropping  its  diiug,  and  after  fliiisbing,  iiuinedi- 
alrly  raked  the  earth  iat«  and  ovur  the  bole,  ajipareiitty  very  carelesaly,  hut  bo  eftf ct- 
ively,  that  allboagh  I  hod  luarked  with  my  eye  tbe  exact  spot,  I  faileil  to  detect  It, 
until  I  unearthed  the  eggs.  The  egge  are  ov.il,  yellowJHh  white,  ainooth,  aiul  quite 
Uige." 


Tia.t&.—XaMteaniliaa-.a,  female;  b,  male.    (AfMr  Rll«j.) 

OETHOPTEEAjOttSTHAiOHT -WINGED  Insects. — TheOaroIinaMantis 
[MantU  Carolina  L.,  Fig.  25)  is  also  occa.sionally  found  in  such  situa- 
tioDB,  osnally  confining  itself  to  the  borders  of  the  field.    It  is  to  be 
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regretted  ttiat  this  voracious  iuaect  is  not  more  abundant  iii  the  cotton 
flelde;  but  it  tmdoubtedly  de- 
etrojs  many  worms.  It  ia 
p  popularly  known  as  "the  rear 
horse,"  "tlio  camel  cricket,"  or 
"the  devil's  riding  horse,"  and 
feeds  ui>on  all  sorts  of  living 
ny,  vith  left  win){a>ioiiwhe£  (After  wetitwood.)  '  "  iosccts.  As  an  instance  of  its 
voracity,  we  have  already  described  (First  Mo.  Eut.  Beport,  p.  160)  how 
a  single  female  devoured  eleven  Colorado  rotato-beetles  in  one  night. 

The  eggs  arc  glued  tightly  together  iu  a  , \Wft  j 

I>eculiar  mass  and  are  deposited  in  all'       ""^^^^^^*<_^^^^^I54    \  Iff ■/ 

sorts  of  situations,  but  principally  on  the         -jf^TT^Tg  (jLtiBl 

twigs  of  trees.    The  eggs  aie  extensively    t,,.. -i, -.vk^^a  ^a^"^^  (From 
infested   by  a  Chalcid   parasite   of  the  r«iii'0'^) 

genus  Podagrion,  and  the  adult  Mantis  is  destroyed  by  a  Tachina  tly. 

NcuBoi'TEBAjOB  Heryb-wingbd  Insegth. — The  only  species  of 

this  order  that  are  likely  to  prey 

y  upon  Aletia  belong  to  the  Ant- 

lioiis    ^^ft/rlneleonidw),    the    Lace- 

>  wings     {Ilemerobiida),     and     the 

])ragon-Flies    {Libellulidte).     The 

Ant-lions  work  iu  the  larva  state 

in  pits  in  the  ground,  and  the  con- 

Fia.  2B.-irjffiiuI»n  obroleba.    (Kroin  Uuil&)     Staut  plOWlUg   therOOf  Will  alwayS 

prevent  them  from  doing  any  material  good,  and  they  are  naturally 
scarce.  The  Lace-wings  are  numei-ons,  but  their  larvte  feed,  like  the 
laily-birds,  on  the  plant-lice,  and  liave  refused  to  touch  Cottou  ^-lytitt-^ 
Worms  when  contined  iu  boxes  with  them.  The  curious  eggs  |  \^Jj 
of  these  flics  (Fig.  27),  attached  to  the  end  of  a  delicate  filament,  ySr 
are  often  supposed  to  be  those  of  Aletia.  Many  planters  state  J^=% 
that  these  flies  are  always  to  be  found  where  there  are  larv^  of  ^w 
Aietia,  and  Dr.  Phares  states  that  their  larvie  devour  the  eggs 


statement  is  as  yet  uncooflrmed  by  other  observers.  The  larvce  have 
been  seen  by  Mr.  Trelease  feeding  ujwu  the  uectar  of  the  foliar  glands. 

The  Dragon-flies  or  Mosqnito-hawka  sue  iuinatic  in  the  larva  state,  but 
the  perfect  insects  are  active  iutheir  pursuit  of  prey  while  on  the  wing, 
and  are  reported  ou  good  authority  to  attack  Aletia  both  iu  the  worm 
and  moth  states.  Fig.  30,  Libellula  trimaculata,  is  one  of  the  commoner 
species. 

Dr.  F.  M.  McMeckii),  of  Morrison's  Mills,  Ahichua  County,  Florida, 
considers  them  as  the  most  valuable  enemies  of  Aletia,  and  states  that 
it  is  a  common  sight  to  see  them  catch  the  moths  on  the  wing. 

Lepidoptbba. — BUTTBBFLiES  AND  MoTHS,  —  It  is  iucontestably 
proven  by  the  evidence  of  almost  every  observer  wehaveseut  into  the  field 
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(luriDg  the  past  five  years  that  the  Boll  Worm  (Helioihis  armigera)  when 
approaching  full  growth  develops  a  Btrong,  carnivorous  appetite,  and 
not    odIj*    destroys    the 
smaller  worms  of  ita  own 
ppecica,  bnt  also  enters 
tbe  loose  cocoon  of  the 
Cotton  Wonn  and  feeds 
tilMin  the  iDclosed  papa,  q 
There  is  good  evidence 
that    the   Grass  Worm 
(Lapkygma     frugiperda) 
occaBionally  eats  tbe  Cot- 
ton Worms,  a  fiict  which 
seems  probable  from  the 

known      habits      of       La-  Fio.  so.— i^OiSula  MmoaiEala.    (After  Bmiborn.) 

pkjfgma,  and  even  the  Aletia  larva,  like  many  other  species  of  its  order, 
when  hard  pressed,  will  develop  cannibal  propensities. 

PAfiASU^S. 

Up  to  the  time  of  the  appearance  of  the  first  edition  of  this  work  in 
Jannar^',  18S0,  or  rather  up  to  the  time  of  the  appearance  of  a  prelim- 
inary article  by  us  in  the  Canadian  EntomoiogUt  for  September,  1879,  no 
parasites  of  the  Cotton  Worm  had  been  recorded  by  name  so  as  to  be  rec- 
i^nized  by  entomologists,  and  the  belief  was  quite  general  that  Aletia 
was  entirely  free  from  parasitic  checks.  This  belief,  as  we  have  already 
seen,  was  used  by  Mr.  G-rote  as  an  argument  in  favor  of  the  arrival  of 
Aletia  de  novo  from  some  foreign  coantry  whenever  it  appears  with  ns. 
The  fact  remains,  however,  that  one  of  the  most  important  of  these  par- 
asites had  been  mentioned  without  name  by  six  writers  at  least,  and 
that  two  tolerably  good  figures  of  tbe  species  had  been  published.  In- 
deed, the  very  fact  of  the  existence  of  such  a  parasite  had  been  used  by 
Dr.  Gorham  to  found  a  theory  similar  to  Mr.  Grote's,  as  we  shall  show 
under  the  head  of  "  Histoy  of  the  literature." 

The  following  species  have  been  discovered  since  we  began  this  Cot- 
ton Worm  investigation.  The  observations  of  the  past  two  years  have 
added  four  parasites  to  those  pablished  in  the  first  edition  of  this  work : 
Infesting  and  issuing  from  the  egg: 

(1.)  Trichogramma  pretiosa  Biley. 
Infestiug  and  issuing  from  the  worm  (the  parasitism  of  No.  5  doubtful) : 

(2.)  Apantelea  aletiw  Riley. 

(3.)  Euplectrus  comstocUi  Howard. 

(4.)  Sareophaga  sarraceniw  Riley. 

(5.)  Cyrtoneura  stabutans  Fallen. 

(6.)  Tachina  aletia;  Riley. 

(7.)  Tachiaafratema  Oomstock. 
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iDfesting  aod  issuing  from  the  cliryaalis: 
(8.)  Pimpla  conquisitor  Say. 
(9.)  Pimpla  annulipes  Br. 
(10.)  Cryptus  nunciiu  Say. 
(11.)  Ckalcia  ovata  Say. 
(12.)  Cirroapilua  e»urus  Riley. 
Species  issaing  from  the  chrysalis  and  not  trae  parasites  of  Aletia, 
though  easily  mistaken  for  snch: 
(13.)  Sexaplasta  zigzag  Eiley. 
(14.)  Phora  aleticB  Gomstock. 

Inftsting'  and  iaraisg  from  the  £^- — The  TiucnoaR*MMA  Eqg-paiusitx.— 
{Trichogramma  pretiosa  Riley)™:  Attacking  Aletia  in  its  earliest  state, 
the  unbatched  egg,  this  winged  atom  must  be,  when  abundant,  a 
most  eftectoal  check,  and  the  scarcity  of  the  Cotton  Worm  in  certain 
seasons  may  doubtless  be  partly 
ascribed  to  its  work.    It  is  at 
least  known  that  a  similar  egg- 
parasitebas  in  the  14'ew England 
I  States  relieved  the  shade  trees 
^  from    the  ravages  of  Canker- 
worms — a  good  deed  which  the 
European    sparrows,   notwith- 
standing   they    received    the 
credit  for  it,  were  nnable  to  ac- 
complish.   This  Trichogramma 
is  a  yellow  fly,  so  small  that 
were  it  not  for  its  activity  in 
B  jumping  it  could  not  be  distin- 

Fin,  31.-Trithogramma  pritiotat  a.  ftraiale^  6.  tip  of  guished   by  tlie   Unaided  eve  aS 

fomnle abiinmrn !  c, femBle aiiteuDi;  d,  ioaloH)il«niift(iilI  ,  ,     .  ,  .     n      . 

gnaii>'utiiu't,<ed).   (OiLgtuoj.)  a u  animated  being,  and  it  finds 

snElcient  nourishment  in  a  single  egg  of  the  Aletia  to  support  its  growth 
and  maturation.  It  emerges  from  a  round  hole  which  it  gnaws  through 
the  egg-shell,  and  eggs  infested  by  it  or  wl#ch  have  been  destroyed  by 
it  may  bo  recognized  by  their  bluish  or  bliickish  color  or  the  presence 
of  this  ]>erforation.  When  examined  under  the  microscope,  the  perfect 
fly  is  found  to  be  an  object  of  much  beauty,  the  hairs  upon  the  wings 
being  arranged  in  regular  lines.  Some  specimens  of  both  sexes — the 
male  may  be  distinguished  by  the  bristly  antennje^were  found  to  have 
one  or  more  of  the  wings  imperfectly  developed,  presenting  the  appear- 
ance of  a  paddle.  The  accompanying  figure  (Fig.  31)  will  serve  to  illus- 
trate its  character  and  render  further  descriptiou  nnnecessary. 

This  minute  creature  was  first  noticed  by  Professor  Comstock  in  1878, 
near  Selma,  Ala.,  and  in  October,  1879,  we  found  it  quite  common  iu 
Mississippi,  Alabama,  and  Georgia,  Ailly  one-flfth  of  the  eggs  in  some 
fields  being  Infested.    Mr.  Schwarz  found  it  rather  rare  in  Texas,  and 
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according  to  Mr.  Hubbard  it  is  very  abundant  in  Florida.  The  obaer- 
ratioDS  of  the  latter  are  iDterefiting  and  well  illustrate  the  importance 
of  the  species.  He  found  that  this  little  egg-parasite,  nnaided  and 
alone,  almost  completely  annihilated  the  fifth  brood.  At  the  beginning 
of  the  fourth  brood  less  than  half  the  eggs  of  Aletia  were  destroyed. 
July  27,  when  the  eggs  of  this  brood  bad  nearly  all  been  deposited, 
abont  75  per  cent,  were  fonnd  to  hare  been  parasitized,  the  proportion  in 
Bome  parts  of  the  field  reaching  90  per  cent.  About  the  middle  of  Au- 
gust, while  the  eggs  of  the  fifbh  brood  were  being  laid,  the  proportion 
destroyed  by  the  Trichogramma  exceeded  90  per  cent,  in  all  parte  of 
the  fields,  while,  at  the  brood  centers,  carefal  estimates  shewed  that  bnt 
three  or  foar  eggs  out  of  a  handred  escaped.  He  gives  the  following  . 
acconnt  of  the  eggs  of  the  species : 

"  The  mother  works  chiefly  by  day,  depositing  two  ova  in  each  egg  of 
Aletia  or  Heliothis.  The  eggs  of  the  parasite  hatch  in  forty-eight  hoars, 
while  that  of  their  host  darkens,  and  in  a  few  days  turns  almost  black. 
On  tho  seventh  day  after  being  stnug  it  is  vacated  by  the  parasites, 
which  issue  through  an  irregnlar  hole  gnawed  in  the  side,  each  makiTig  its 
own  opening.  Frequently  after  the  inclosed  parasites  hare  formed  their 
pupa  the  shell  of  the  Aletia  egg  shrinks  about  them,  leaving  two  litlle 
oval  cells  indicating  the  positions  of  the  parasites  within.    A  day  or 
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two  before  they  issue  tlie  ruby -colored  pupse  of  the  parasites  can  be 
plainly  distiaguished  through  the  trausluccut  shell  of  the  destroyed 
egg.  I  have  invariably  obtained  two  Chalcids  from  each  discolored 
egg  of  Aletia  or  Heliothis  collected." 
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Oor  experience  accords  with  that  of  Mr.  Habbard,  thoQ^b  the  nDoiber 
infesting  a  single  egg  ia  not  iDvariably  two.  We  have  oftcD  obtained 
bat  one  from  a  single  egg,  and,  according  to  Mr.  Schwarz's  experience, 
three  may  exceptionally  be  obtained.  As  will  have  been  gathered  from 
Mr.  Hnhbard's  notes  qnoted  above,  the  Tricbogratnma  has  been  raised 
fix>m  the  eggs  of  IFeliothia  armigera— the  Boll- Worm  moth.  It  has  also 
been  reared  from  the  egge  of  Laphygma  frv^perda,  the  Orass-Wonn 
moth,  and  from  the  eggs  of  an  nnknown  Tortricid  on  orange.  We  have 
also  foand  a  minute  yellow  parasite  of  somewhat  similar  general  ap- 
pearance and  easily  mistaken  for  it,  bat  in  reality  very  distinct  when 
oarefally  examined,  infesting  the  larva  and  the  papa  of  an  nndescribed 
Aleorodes  that  is  common  on  cotton,  two  or  more  flies  issaing  from  each 
Aleurodes."" 

Twfhrtiiiy  U)d  iuiiing  tKm.  the  Worm. — The  Cotton-worm  UicBOOASTRa. — 
This  species,  described  by  ns  as  Apanttlta  aUtia,*  has  been  very  fre- 
quently fonnd  during  the  past  few  seasons  in  Florida,  Alabama,  and 
Texas."  The  egg  is  laid  in  the  posterior  portion  of  the  body  of  partly- 
grown  larVEB  of  Aletia  (never  ia  very  yonng  or  fall-grown  worms).  It 
is  a  solitary  parasite,  only  one  specimen  infesting  a  single  Cotton  Worm. 
We  quote  the  observations  npon  the  species  made  by  Mr.  Habbard, 
who  has  watched  it  more  carefully  than  any  of  the  other  agents:  "Lat« 
in  Aoguat,  while  the  worms  of  the  fifth  brood  were  in  process  of  devel- 
opment, I  discovered  on  the  underside  of  lower  leaves  of  cotton  and 
npon  grass  growing  under  the  shade  of  the  oak  tree  at  the  center  of 
this  brood,  a  number  of  little  oval  cocoons  of  white,  flossy  silk,  abont  i"™ 
(0.16  inch)  long.  Close  beside  these  dangled  the  dead  body  of  a  young 
ootton  worm,  suspended  from  the  leaf  or  fix>m  the  cocoon  by  a  thread 
of  silk.  In  about  a  week  each  cocoon  produced  a  Microgaster  (most 
of  my  notes  relating  to  this  parasite  having  been  lost,  I  am  unable 
to  give  the  exact  periods  in  which  it  undergoes  its  transformations). 
Sabseqnently  I  observed  the  larva,  naked  and  memberless,  its  body 
tinged  with  green  by  the  juices  of  its  prey,  in  the  act  of  spinning  its 
cocoon.  The  larva  forms  the  exterior  by  throwing  out  loops  of  ropy 
fluid  whiob,  under  a  lens,  are  seen  to  become  rigid  as  tbey  fall,  and  to 
harden  rapidly,  forming  rather  a  coarse  strand  of  white  silk,  which  is 
often  beautifully  furred.  These  loops  are  piled  one  upon  another  and 
the  walla  of  the  cocoon  rise  rapidly  until  they  meet  overhead.  The  in- 
side is  lined  in  the  manner  naaal  with  lepidopterous  larvte  until  the 
whole  has  become  opaque.  The  process  of  spinning  occupies  abont  two 
hours'  time.  After  August  20,  nearly  all  the  young  larvie  of  Aletta  col- 
lected were  found  to  contain  this  parasite,  which  kills  and  emerges 
from  the  worms  when  they  have  attained  a  quarter  of  their  full  growth. 
In  quitting  its  host  the  parasite  maintains  its  connection  with  the  body 

*  TnuMStioD*  at  the  Ackdnajr  of  Science  at  SL  Loala,  VoL  4.  Ko.  2. 
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of  tbo  latter  by  means  of  a  dugle  thread.  After  crawling  to  a  distance 
of  aboat  half  an  inch  it  faeteiis  this  thread  to  the  surface  of  the  leaf, 
and  begins  its  cocoon.  The  body  of  the  cateri>illai'  i»  diBlodgedin  time, 
and  falls  £rom  the  leaf,  but  asually  remains  8n8i)ended  by  the  connect- 
ing thread.  As  the  parasitic  gmb  within  ita  body  increases  in  size,  the 
young  caterpillar  weakens  and  often  falls  to  the  ground,  in  which  case 
the  parasite  climbs  the  nearest  blade  of  grass  and  there  mabea  its  co- 
coon." 

In  escaping,  the  fly  makes  a  lid-coTered  opening  in  the  cocoon,  as  do 
the  other  members  of  the  genns.  Mr.  Schwarz  is  of  the  opinion  that 
this  parasite  does  not  always  kill  the  worm,  as  upon  several  occasions 
be  raised  to  the  perfect  state  worms  which  were  scarred  upon  the  pos- 
terior end  of  the  body,  just  as  if  one  of  tbese  parasites  had  emerged. 
Two  secondary  parasites  have  been  bred  from  the  Apanteles — the  one 
a  Ghalcid^'  and  the  other  an  Ichnenmonid  belonging  to  the  genus 
Hemiteles. 

CoMSTocK'a  EupLKCTRua.— Professor  Comstock,  in  the  Report  on  Cotton 
Insects,  1879,  figured  and  quoted  passages  from  his  notes  concerning 
a  parasite  of  the  Cotton  Worm,  which  he  called  "the  unnamed  Chalcid." 
In  the  August  (1880)  number  of  the  Canadian  Entomohgtat  the  species 
was  described  by  Mr.  Howard  as  Buplectrus  comsiockii.  This  description 
he  has  somewhat  revised,  and  it  will  be  found  in  the  notes.^  During 
ISSO  this  jmrasite  was  studied  by  us  and  by  different  agents  of  the  Com- 
mission in  Alabama  and  Florida,  and  in  the  January  (1881)  number  of 
the  American  Ifaturalist  Mr.  Schwarz  gave  a  very  full  account  of  its 
life  history.    From  this  article  we  take  the  following  facts: 

The  egg  of  the  parasite  is  elongate  oval,  strongly  convex  above  and 
somewhat  flattened  beneath ;  no  sculpture  is  visible  under  an  ordinary 
lens.  Itscolorisouifbrmlybrown, 
and  almost  black  just  before 
batching.  The  number  of  eggs  ' 
laid  by  the  female  Euplectrns  on 
a  single  Cotton  Worm  varies  from 
one  to  fifteen,  the  most  common  " 
numbers  being  three,  five,  and  seven.  They  are  always  laid  in  a  group, 
the  individual  eggs  snflSciently  sei)arate  from  each  other  to  allow  room 
for  the  development  of  the  larvie.  It  seems  altogether  probable  that  the 
time  required  for  the  development  of  the  eggs  doea  not  exceed  two  days. 
The  Cotton  Worms  attacked  by  these  parasites  are  nsaally  less  than 
one-third  grown,  but  not  less  than  one  day  old.  The  eggs  of  the  para- 
site are  laid  on  the  middle  of  the  back  of  the  worm,  sometimes  a  little 
to  one  Bide  or  the  other,  and  npon  one  occasion  they  were  seen  fastened 
just  above  one  of  the  middle  pair  of  thoracic  legs. 

The  delicate  egg-shell  splits  longitudinally  and  discloses  the  white 
larva,  which  gradually  works  the  shell  down  the  sides  of  ita  body  until, 
in  less  than  twelve  hoars,  it  disappears  below  the  rapidly-growing  para- 
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site.  This  last,  as  soon  as  it  has  freed  its  head  ftom  the  efCg-Bhell, 
pierces  the  skin  of  its  victim  aud  thereafter  remains  Ettatiooary  vith  its 
head  bnried.  As  soon  as  it  has  fairly  begun  to  feed  the  wLite  color 
changes  toabrigbtbliiish-greeD.  The  growth  ofthelarvais  very  rapid, bat 
seems  to  vary  according  to  the  season,  averaging  three  days  in  Angnst 
and  fonr  days  in  September,  When  full-grown,  the  larva  crowd  each 
other,  and  if  there  are  five  or  more  of  them  on  a  caterpillar  they  form  a 
semi-globalar  lump  of  very  striking  appearance.  (Fig. 33.)  Usually  their 
growth  is  uniform,  and  retardation  in  develop- 
ment of  individuals  in  the  group  results  in 
death.  When  foil-grown  they  turn  yellowiah- 
■white  and  relax  their  hold.  The  worm,  which  4 
up  to  this  time  showed  no  signs  of  being  af-  J 
feeted,  except  by  its  sickly  yellowish  color  and 
by  its  very  slow  growth,  collapses  and  dies  as  , *"'"-  »*-i-a"«!  iiiiii  or  Airti« 
soon  as  a  single  one  of  the  parasitic  larvae  uwwdb,  (OriRii»i.) 
withdraws,  and  the  same  fate  overtakes  those  Euplectrns  larvee  which 
are  at  the  time  less  advanced  in  their  development  or  immature.  If  one 
of  the  parasitic  larvie  be  removed  by  hand,  both  the  victimized  worm 
and  the  remaining  parasites  quickly  dry  ap.  The  parasitic  tarvse  always 
remain  stationary  on  the  worm  which  the  parent  fly  has  chosen  as  its 
victim,  and  they  never  even  move  from  the  spot  where  the  egg  has  been 
laid  until  they  are  full-grown.  Every  attempt  made  to  transplant  a 
parasite  fi-om  one  worm  to  another  invariably  i-esnlted  in  the  death  of 
the  parasite. 

In  preparing  for  pupation,  the  larvee  manage,  by  a  peculiar  elonga- 
tion and  sudden  contraction  of  their  abtlominal  joints,  to  work  from 
the  back  of  the  worm  to  the  ventral  or  attached  side,  where  they  spin 
fine,  silken  threads  which  more  fully  secure  the  worm,  which  is  now 
a  mere  empty  skin,  to  the  leaf.  As  the  Euplectrus  larvae  take  their 
places  side  by  side,  the  caterpillar  skin  is  fastened  its  whole  length  to  ' 
the  leaf,  if  there  are  fiveormoreof  the  parasites;  but  if  there  are  fewer, 
only  one  portion  of  the  skin,  usually  the  anterior  end,  i^  fastened,  the 
remaining  portion  either  hanging  down  or  breaking  off.  This  web  of 
the  Euplectrus  larvee  consists  of  an  irregular  mesh  of  yellowish-white 
silk,  recalling  some  kinds  of  mold,  and  is  spun  to  secure  the  caterpillar 
skin  to  the  leaf,  iu  addition  to  a  few  other  threads  to  prevent  the  pupa 
fit)m  being  moved  from  its  place.  (Fig.  34.)  Protected  by  the  caterjtillar 
skin  as  by  a  roof,  the  Euplectrus  larva  changes  to  a  pupa,  the  color  of 
which  is  dark  honey-yellow,  with  the  head  and  abdomen  very  soon  be- 
coming pitchy  black.  The  duration  of  the  pupa  state  varies  from  three 
to  eight  days.  The  Euplectrus  is  subject  to  the  attacks  of  a  secon- 
dary parasite  of  its  own  family  [Eladiistus  euplectri),^  and  its  pupa  is 
sometimes  destroyed  by  another  enemy,  probably  some  Carabid  beetle. 
It  is  very  common  in  the  vicinity  of  Selma,  and  in  Octoberj  1S80,  in 
company  with  the  Apanteles  aletiw,  it  caused  the  almost  complete  de- 
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structioa  of  the  worms.      This   npecies — comstockii — is  by  no  means 
confined  in  ita  attacks  to  Aletia  larvie,  but  has  been  bred  from  or 


Ra.  M.— Et.p(«(ru*  comiiockii:  lemBle,    (AftorConutook.) 

found  npon  Prodenia  lineatella  and  Laphygma/rugiperda.    From  the  La- 
phygma  twenty-five  parasites  were  reared  from  a  single  larva, 

The  common  Flesh-flt. — Several  species  of  flies  belonging  to  well- 
known  parasitic  genera  have  been  found  to  infest  tlie  worm.    One  of 
these  is  the  common  Flesh-fly,  and  a  male  specimen  bred  from  Aletia 
does  not  differ'*  materially  from  small  specimens  obtained  from  the 
decaying  insects  fonnd  in  the  pitchers  of  the  spotted  pitcher-plant 
(Sarracenia  variolaris),  and  to  which 
we  have  given  the  name  of  Sarcophaga 
sarracenicB. 
r      The8eflie8(Fig.  30)  Jay  elongate  and 
I  deli<»teeggs,  which  hatch  very  quickly. 
I  They  sometimes  hatch,  in  fact,  within 
^  the  ovidnet,  so  that  the  fly  gives  birth 
rto.  M-»ir«p*oBa  .arroo-nfa::  a.  larvB;  to  living  maggots.    Thc  maggot  pen- 
BuoiS  lenittiiB!  "A"pDrr(wd''hi'^ji^^^^  the  skio  of  tho  woon  or  the 

51"™i  p^«™ii°^^t!'y,'°«.;.i'of  ili^iy  cbrj-salis,  as  the  case  may  be,  and  feeds 
lid?Xi;"A!°unSi*VSI?'of'd^'wiThpnli7t^  upon  thefatty  tissucs within,  acquiring 
w'ftlTitii.r."'"'"  "^  "*""■  ■*"  '■"'"**''■  full  growth  and  issuing  sometimes  be- 
fore bnt  usually  after  its  victim  has 
transformed  to  the  ehrj"salis  state.  Drojiping  to  thc  ground,  it  burrows 
beneath  tho  snrfacc,aud  rapidly  contracts  to  the  pupa  stat^,  from  which 
the  perfect  fly  in  doe  time  issues.  The  species  has  been  obtained  from 
the  Cotton  Worm  in  Alabama,  Georgia,  and  Texas,  and  is  indeed  wide- 
spread over  the  country.    It  is  most  abundant  in  autumn,  and  passes 
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the  -winter  in  both  the  pnpa  and  fly  stati>«.  From  <he  known  prefer- 
ence of  this  fly  for  decaying  or  putrescent  flesh,  it  is  probable  that  the 
female  is  attracted  more  to  diseased  or  injured  chrj-salides  than  to  vig- 
orons  worms. 

Another  species  (Gyrtoneura  stdbulans  Fallen,  Fig:  37),  the  babitjc  of 
which  are  rather  predaceoas  than  parasitic,  was  ligured  and  described, 
but  not  identified,  in  the  Department  Eeport  on  Cotton  Insects.  We 
may  appropriately  consider  it  here,  thongh  it  really  jireys  ujton  the 
chrysalis.  Seven  larvte  emerged  from  eggs  which  had  been  deposited 
npon  the  leaves  surrounding  Aletia  l>up;c,  and  reached  full  growth  in 
ten  days,  having  meantime  devoured  six  Aletia  pupje.  They  then  en- 
tered the  ground  and  remained  in  the  pupa  state  five  days. 

We  have  also  obtained  tbis  fly  from  Aletia  chrysalides,  and  quote 
the  following  passages  from  the  American  HaluralUt  (September,  1882, 
p.  746),  as  hearing  on  the  ques- 
tion whether  it  is  a  parasite 
or  a  scavenger: 

■  Is  Cyrtoneura  a  Parasite  oh 
Scavenger  I — Laet  spring  wo  sent 
Bpecimens  of  a  Muscid  for  detemii- 
Dation  to  Mr.  E.  H.  Meade,  Broil- 
ibrd,  England,  and  ha  kindly  wroto 
ns  oa  follon'B  regardiog  this  species  "[ 

which  was  bred  from  chrysalides  of  '         1 

the  Cotton  Worm :  ir,  f- 

"The  Dipterous  InsectB  which  I  p^g  (I^Lluriioif) i  e, la. ,_, „_... 

received  veBtordav  are  one  male  and   "^i"  si'jrineDt  of  Urvrv.  BliU   more  hUhly  JoMpiflH  :  r. 
.  ,    ,  pmianunii /,  ftilull,  iiitanil  elie  indicated  oy  hue  line*, 

two  feoialcs  of  Cgrlcneura  slabulani  (ARat  Cumatock.) 
Fallen.  Tliisfly  iscomraonthronffli- 

oDt  Europe,  and  also  occnrs  in  North  America,  according  to  Loew  and  Walker  (see 
Ost«n  Sacken's  Cat.  of  Dipt,  of  N.  A.,  edit.  2d,  p.  16.'!).  The  larvm  usually  feed  npun 
decaying  vegetable  snbstances,  as  fungi.  &c.,  but  Schincr  (Panna  Anetriaca,  Dipt., 
Vol.  1,  p.  597)  says,  according  to  Hreini  and  Hartig,  tliey  also  live  upon  the  larvm  of 
Lepidoptera  and  bees.  It  is  a  very  interesting  fact  that  they  alao  eat  the  Cotton- 
worms.  Your  American  specimens  seem  to  be  perfectly  identical  with  my  British 
ones,  bnt  are  rather  smaller.  I  may  add  that  the  genus  Cyrtonenra  Macq.  belongs 
to  the  family  of  the  true  Muscidic."* 

There  can  be  no  doubt  that  tho  Cyrtoneuras  we  bt«d  issued  from  pnprn  of  Aletia, 
bnt  as  the  usnal  habits  of  tho  species  are  those  of  a  scavenger,  some  donbt  has  arisen 
iu  our  mind  as  to  whether  it  is  a  true  pnraaito.  We  recall  to  our  readers  another 
dipterons  iosect,  the  Phora  aletia  Comstock,  which  has  been  called,  by  its  describcr, 
one  of  the  most  important  parasites  of  the  Cotton-worm,  and  which  iierertbeless 
turns  ont  to  be  a  more  scavenger,  CyrUtnrura  sUtbulan*  may,  like  this  Phora,  lay  her 
eggs  on  the  decaying  pnpio  of  Aletia,  which  are  bo  commonly  met  with  at  the  time 
the  worms  have  defoliated  the  fields  and  have  also  eaten  the  leaves  which  sheltered 
the  chrysalides.  These  chrysalides  wliou  enposeU  to  the  light  aiid  heat  of  the  sun 
are  very  liable  to  rot,  aud  on  examining  tho  chrysalides  hanging  on  tho  defoliated 
plants,  by  far  the  larger  portion  of  them  will  bo  found  to  bo  rotten,  many  contaiutng 

*Seo  also  Hr.  Mtads'a  note  on  the  samo  auhject  in  tbe  (London)  EruomolBOitl,  June,  1862,  pp. 
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tbe  larvw  ot  PLora,  somo  the  larva  of  thia  Crrboiieiiia,  while  the  largest  portioD  con- 
tain aaly  a  bailly  itmelliiig  fluid.  If  further  obser  vat  ions  prove  that  this  &j  infeBts 
onlj  sach  cbr;sallite«  and  canuot  be  bred  trom  the  living  Aletia  larva,  it  cannot  be 
eousidered  a  true  paraailo. — C.  V.  Rileg. 

The  Tachina  Flies. — The  other  Dipterous  flies  belong  to  the  genus 
Tachina.    The  first  of  these  was  described  by  as  iii,th©  Canadian  En- 
tomologist, 1879  (Vol.  XI,  p.  162)  as  Tachina  ahtia,^  and  is  the  most 
abuudaut  Dipterous  enemy  of  Aletia.    It  measures  about  oue-tbird  of 
an  inch  in  length,  and  is  more  robust  aud  slightly  larger  than  the  com- 
mon bouse-lly,  from  which,  aa  well  as  from  the  Sarcopkaga  (which  is 
less  robust  than  the  Tackina),  it  may  be  distinguished  by  liaving  Hie 
bristle  of  the  antenna  smooth  and  not  hairy.    These  TachtTia  flies  are 
niovu  completely  parasitic  than  the  flesh-fly  above  moutioued,  and  their 
eggs  are  harder,  more  polished,  and  very  firmly  attached  to  the  vorm, 
nsually  just  behind  the  head,  where  they  cannot  be  molested.    The 
lnTvse  br  maggots  have  the  same  habits  and 
mode  of  transform atiou  as  those  of  Sarcvphaga, 
aud  the  accompanying  figure  (Fig.  38)  of  Ta- 
china fiavicauda  Eiley,  will  serve  to  illustrate 
tbe  flies.    Occasionally  these  maggots  are  not 
full  fed,  and  do  not  destroy  the  Aletia  till 
after  it  has  assumed  the  chrysalis  state,  but 
ordinarily  they  issue  from  the  worm  itself, 
which  is  frequently  infested  by  more  than 
Fio.  38.— Tpiinw-taiied  TsciiiiiB-By.  ouc.    The  specics  was  reared  fh)m  chrysalides 
''^'  seutbyMr.Grotefrom  Savannah  and  by  others 

from  various  parts  of  the  South,  including  the  States  of  Alabama,  Mis- 
sissippi, and  Texas. 

Another  species  of  Tachina  has  been  described  by  Professor  Comstock 
(Annual  Eeport  of  Commissioner  of  Agriculture,  1879,  p.  303)"  as  T.fra- 
terna,  resembling  T.  aletice  quite  closely,  but  found  to  difi'er  upon  careful 
examination. 

The  number  of  worms  killed  by  these  Tachinid  flies  is  very  hard  to  es- 
timate. Their  eggs  are  very  common  on  the  backs  of  the  cotton  cater- 
pillars, especially  towards  the  end  of  the  season,  occasionally  as  many 
as  8  or  10  eggs  being  found  upon  a  single  worm.  Observers,  have  esti- 
matetl  at  different  times  the  proportion  of  worms  thus  parasited,  aud  it 
has  occasionally  reached  as  high  as  40  per  cent. ;  but  all  who  have  ob- 
sen'ed  these  parasites  at  all  have  been  struck  by  the  fact,  in  the  first 
place,  that  a  very  large  number  of  tbe  eggs  are  discarded  with  the  cast- 
off  skins  at  molting,  and  so  the  larvae  which  hatch  die  for  want  of  sus- 
tenance, and,  in  the  second  place,  that  the  Tachinid  larvae  destroy  one 
another  quite  aa  readily  as  they  feed  upon  the  caterpillars.  It  is  true 
that  Mr.  Trelease  has  recorded  an  instance  in  which  a  skin  was  shed 
without  removing  an  egg,  .but  this  we  must  regard  as  exceptional    The 
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reader  interested  in  the  minute  differences  tliat  separate  the  maggots  of 
these  two  geuera,  Sarcopkaga  and  Tackima,  which  similarly  ^ect  the 
Cotton  Worm,  is  referred  tp  the  notes."  Mr.  Hubbard  has  made  some 
InterestiDg  observations  on  the  larval  habits  of  one  <>f  these  insects, 
probably  Sarcophagid,  which  we  quote: 

"Another  fly,  'fachiaid  (t),  destroys  the  pupa  of  Aletia,  bnt  appears  to 
be  rather  predatory  than  traly  parasitic.  Its  eggs  are  white,  elongate, 
and  longitudinally  carinate.  I  have  found  them  deposited  upon  themos- 
lin  coveriug  of  jars  containing  papee  of  Aletia  and  Heliothis,  and  also  in 
the  field  within  the  webbedup  leaves  containing  the  chrysalis  of  Ale- 
tia. The  following  notes  give  all  that  I  have  preserved  relative  to  their 
natural  hist<)ry.  Tactainid  (t)  fly.  £ggs  laid  August  9  or  10  on  uds- 
lin  cover  of  jar  No.  2,  which  contained  several  pupsB  of  Eeltotliit  ar- 
migera,  all  covered  with  earth,  also  feeding  worms  of  same,  with  frass 
and  cotton  leaves,  bolls,  &c.  Eggs  hatched  during  the  night  of  Au- 
gust 11,  and  the  maggots  disappeared  into  the  jar.  Two  flies  emei^ed 
iVom  beneath  the  surface  of  the  earth  August  17.  August  19,  examined 
the  jara  aud  found  several  pupae  destroyed  by  the  fly  maggots,  also 
two  or  three  puparia  from  which  the  flies  had  not  yet  emei'ged. 

"Angast  5.  Found  In  the  -field  an  Aletia  pupa,  containing  a  moth 
fully  formed,  but  from  which  the  maggot  of  a  Tachiuid  (t)  fly  was  rap- 
idly pushing  oft'  the  ])npa  co\'ering.  It  rooted  about  with  its  hooked 
jaw  like  a  hog,  and  very  soon  had  the  body  of  the  moth  reduced  to 
fragments.  In  about  three  hours  the  contents  of  the  moth's  body  were 
transferred  to  that  of  the  maggot,  which  rapidly  increased  in  size  and 
pupated  to-day.  As  I  saw  the  maggot  almost  when  it  first  began  its 
work,  and  it  was  then  more  than  half  grown,  I  am  at  a  loss  to  under- 
stand how  this  footless  grub  managed  to  reach  this  pupa  after  having 
been  partly  fed  upon  another  papa  and  on  another  leaf.  In  a  search 
made  to-day  in  the  field  I  found  another  nearly  full-grown  maggot,  but 
in  this  case  there  were  two  Aletia  papes  webbed  in  the  same  leaf.  The 
maggots  had  already  entirely  eaten  one  of  them  aud  was  feeding  upon 
the  second.  On  August  5  I  found  the  first  specimens  of  this  maggot, 
but  only  noticed  in  one  case  that  there  was  a  second  papa  of  Aletia 
webbed  on  the  same  leaf.  In  my  breeding- vials,  if  several  of  these  mag- 
gots are  confined  together,  aud  the  sUghtest  scarcity  of  food  exists,  they 
turn  uiK>n  each  other.  I  believe  the  mother  fly  nearly  always  lays  two 
or  more  eggs  together.  The  young  maggots  are  thus  enabled  to  destroy 
very  rapidly  and  eat  the  whole  of  a  pupa,  a  part  of  which  would  dry  np 
if  there  was  but  one  maggot.  When  all  the  food  is  consumed  the  mag- 
gots eat  each  other,  until  but  one  is  left.  In  this  way  a  single  pupa 
will  snfflcc  for  a  maggot,  because  there  is  no  waste.  In  the  field  these 
maggots  are  becoming  more  numerous,  but  are  not  by  any  means 
abundant. 
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''AagoBt  20,  on  the  under  side  of  a  lower  leaf  (cotton),  I  found 
two  dipteroas  maggots,  each  about  three  lines  long  and  apparently 
identical  with  those  found  eating  the  pupa  of  Aletia.  On  this  leaf 
were  no  other  living  objects,  except  a  fevr  minute  Apfaids.  The  mag- 
gots were  busily  exploring  the  surface  of  the  leaf,  raking  it  with  their 
jaw -books,  bat  without  cntting  the  epidermis.  To  one  of  the  maggots  I 
gave  the  crashed  t>ody  of  a  hemipteron,  upon  which  it  fed  fur  a  short 
time  only.  I  then  gave  it  one-half  of  the  body  of  a  caterpillar,  which 
it  immediately  entered  from  the  ruptured  end  and  began  feeding  rav- 
euoosly.  The  other  maggot  I  plaoed  upon  the  body  of  a  living  cater- 
pillar. It  at  once  took  hold  with  its  hook  and  began  to  twist  its  body 
round  and  round  like  a  gimlet.  The  caterpillar  winced  several  times, 
and  five  minutes  later  it  plucked  the  maggot  off  with  its  jaws  and 
jerked  it  to  such  a  distance  that  it  fell  clear  off  the  leaf  and  upon  the 
grooDd.  The  maggot  appeared  to  be  injured,  and  afterwards  refused  to 
take  hold  when  replaced  upon  the  caterpillar.  The  other  maggot  was 
placed  apon  the  body  of  a  living  cateri>illar,  but  was  thrown  off  again 
without  securing  a  hold.  I  afterwards  killed  a  caterpillar  by  pinching, 
withoQt  rupturing  its  head,  but  this  the  maggot  refused  to  bore  into. 
These  maggots  were  afterwards  fed  upon  Aletia  pupse,  which  at  first  I 
had  to  crash  for  them.  When  nearly  full  grown,  having  been  accidentally 
overlooked  and  ill  supplied  with  food,  I  found  each  in  the  act  of  eating 
the  other,  and,  of  conrse,  both  died.'' 

Imung  from  the  Chrysalis. — ^The  foregoing  species  issue  in  the  larva  or 
■uAggot  state  mostly  i'rom  the  worm,  and  usually  undergo  their  trans- 
formations independently  of  their  host.  All  the  other  parasites  yet  to 
be  mentioned  undergo  their  transformations  within  the  chrysalis  and 
gnaw  their  way  out  of  the  more  or  less  completely  emptied  shell  as  per- 
fect insects.  The  Aletia  is  attacked,  however,  in  the  larva  state,  the 
parent  parasite  stinging  and  laying  her  egga  beneath  the  skin  of  the 
worm,  tiie parasitic  larvie  affecting  the  vital  parts  only  after  the  trans- 
formation of  the  victim  to  the  chryBalis  state. 

The  Watchful  Pimpla. — This  species  {Pimpla  eonquisitor,  Say  ") 
sometimes  destroys  from  15  to  20  per  cent,  of  the  last  brood  of  Aletia, 
Mid  the  chrysalides  that  are  whole  and  that  appear  sound  or  alive 
after  a  good  frost  are  found  to  contain  its  larva  or  pupa  in  still  greater 
proportion.  It  has  been  obtained  from  Aletia  from  all  parts  of  the  South, 
and  by  most  of  the  observers  and  agents  of  the  Commission,  the  fly  issu- 
ing sometimes  in  thefall,  but  mostly  in  spring.  It  is  a  black,  four-winged 
fly,  varying  in  length  from  one-fourth  to  one-half  of  an  inch,  and  maybe 
distinguished  from  other  native  species  of  the  genus  Pimpla  by  having 
the  margins  of  the  abdominal  segments  white.  The  exserted  ovipositor 
does  Dot  exceed  one-half  the  length  of  tbe  abdomen,  and  the  male  may 
be  recognized  by  the  absence  of  an  ovipositor  and  by  his  more  slender 
body.  Say  reared  the  species  from  a  follicle  of  a  case-bearing  Bombycid 
motJi  with  transparent  wings,  probably  tbe  common  Bag  Worm  [Thyri- 
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dopteryx  ephemerwformis.  Haw.),  althoagh  W^h  (Trans.  Acad.  Sci.  St. 
Louis  III,  137}  identifies  Say'a  Bombyx  with  Olisiocampa  arMricana. 


The  larva  (Fig.  39  a)  of  Pintpla  oonqiiUitor  iaaleglessiiiaggot  of  awlii(iiilicolor,the 
head  well  defloed,  concolorooa  with  the  body  aai  with  distinct  montli  ports;  the  tlpeof 
the  DiandibleB  black.  The  bodf  tapcis  poBt«riorlf ,  the  skin  is  tioely  wrinkled,  and  no 
HpirncIeB  are  apparent ;  the  lirst  three  Jointa  have  a  longitudinal,  impreaaed  line  low 
doirn  on  the  sides,  and  the  eucceodiDgJointabnvea  similar  line  higher  up,  and  aboTe 
it  a  distinct  lateral  ridge  or  series  of  protaberancea.  The  maDdiblea  are  alender  uid 
pointed,  Bitaated  beneath  the  labmm  and  above  the  thi«e  flesh;  tubercles  whicb 
tepKsent  the  maillhe  and  labrum.  Above  the  labrnm  are  two  distant  and  verj  India- 
tinct  ciroles  with  a  minute  point  in  the  center,  indicating  the  position  of  the  anton~ 
uiB.    The  largest  larva  examined  measured  9°"°. 

Thepiipa(Fig.3!lc)roBenib1es  the  imago  in  the  form  of  body,  bnt  the  colors  are  nude- 
voloped,  the  wiugs  nnespanded,  and  the  legs,  antenna),  and  palpi  l^d  along  the  sides 
and  breast.  In  the  J  the  tip  of  the  abdomen  is  abruptly  terminated,  and  J nst  before 
the  tip  on  each  side  is  a  tnbercle  bearing  two  projecting  toeth ;  in  the  5  the  ovipo»- 
itor  is  curved  up  over  the  back. 

The  species  is  widely  distributed  over  the  United  States  and  attacks 
a  large  namber  of  other  lepidopterous  larvte.  It  is  probably  the  most 
eft^tual  as  it  is  the  most  noticeable  check  to  the  development  of  the 
chrysalis,  and  that  it  has  always  attacked  Aletia  seems  most  probable; 
forthefoIlowingaccountbyDr.Gorham,  published  in  1847  in  the  article 
in  De  Bow's  Review  already  cited,  gives  such  an  exact  account  of  it 
and  such  a  full  general  descnptiou,  that,  while  he  coutd  not  name  it, 
there  is  no  question  as  to  its  identity  with  the  si>ecie8  under  coDsider- 
atioD.  In  eadeaviug  to  explain  the  dtsapi>earance  of  the  .Cotton  Worm 
in  early  winter,  Dr.  Gotham  writes : 

Let  ns  take  a  pocketful  of  these  [the  chrysalides]  home  and  place  them  beneath 
tumblers,  and  wait  patiently  to  see  what  they  will  prodnce.  •  *  •  Abont  the 
fifteenth  of  November  the  insect  appeared,  but,  tnitvMU  dtclu  I  as  different  from  the 
Cotton  fly  as  It  is  possible  to  Huppuse  one  insect  con  Id  differ  from  another.  It  belonged 
altogether  to  a  different  family,  a  description  of  which  I  give  as  follows : 

AntenniB  filiform ;  black,  six  lines  in  length.  Palpi  four,  two  external  and  two  in- 
tenue<liat«,  the  external  white,  twice  the  k'Ugth  of  the  other  two,  in  shape  angnlar, 
the  angles  projecting  externally.    The  two  middle  ore  straight,  scarcely  perceptibia 
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onr  s  stiODg  light ;  they  are  of  a,  dsrk  color.  Wioga  fonr;  hymeoapterona ;  inonm- 
bcnt,  extending  to  and  exaotly  even  with  tba  end  of  the  tail ;  shape  of  the  vings, 
which  ue  small  and  extiemelf  delioata,  like  that  of  a  fan.  Front  legs  half  the  length 
of  the  posterior,  of  a  uniform  orange  color;  the  intermediate  legs  very  little  longer 
tluu  the  anterior ;  the  thigha  of  a  deep  orange  color,  the  rest  of  the  leg  aunalated 
with  onnge  and  white.  The  posterior  l$gB  long  in  comparison  to  the  others ;  thigha  - 
of  a  deep  orange  color,  the  rest  of  the  leg  anuulated  with  black  and  white,  the  rings 
being  larger  than  those  of  the  intermediate.  The  irunk  is  of  a  nDiformehiuing  black, 
M  woald  be  the  upper  sarface  of  the  abdomen  also  were  it  nut  for  the  very  narrow 
white  bands  which  connect  the  black  scales  together,  giving  to  the  abdomen  an  an- 
nalated  appearance;  these  white  lioes  do  not  encircle  the  abdomen,  but  terminate 
aniformly  on  the  sides.  On  the  under  sarface  of  the  abdomen  these  white  rings  again 
commence,  which  are  lai^er  than  those  on  the  upper  surface,  causing  the  abdomen  to 
look  almost  white.  The  tail  terminates  in  a  hifnrcsted  Hboath,  inclosing  a  lung  blunt 
sting,  projecting  considerably  lieyond  the  tail,  and  forming  a  very  prominent  feature 
in  the  general  figure  of  the  insect.  This  is  a  small,  slender  insect,  much  longer  than 
the  honey  bee,  bnt  not  so  thick. 

In  1851  Mr.  Affleck  figured  and  described  wliat  is  probably  this  spe- 
ciea  in  bis  Haral  Almanac.  In  1855  Mr.  Glover  also  treated  of  the  same 
parasite.  The  otber  pablic  mentions  were  by  Glover  in  1867,  Phares  in 
1868,  and  William  Jones  in  1868. 

The  Watchful  Pimpla  is  rarely,  if  ever,  bred  from  Aletia,  except  late 
in  the  fall,  when  it  is  occasionally  found  in  great  numbers  (mffo  the  ex- 
periences of  AfBecIt,  Gorham,  and  Jones),  and  it  eeems  altogether  prob- 
able that  during  the  summer  months  this  parasite  prefers  other  cat«r- 
pillars,  resorting  to  the  Cotton  Worms  only  at  the  end  of  the  season,  when 
other  caterpillars  are  wanting  or  very  scarce,  Aletia  being  one  o.f  the 
last  species  of  the  season.  This  parasite  usually  hibernates  as  a  pupa 
within  tbe  Aletia  papa,  bnt  often  issues  in  the  fall. 

Thb  Bing-leooed  Pehpla. — This  is  another  species  {Pimpla  annu- 
lipea  Br.,  Fig.  40)  of  tbe  same  genus,  having  about  the  same  size  and 
general  appearance,  but  having  the  rings. on  the  abdomen  dusky  or 
reddish  instead  of  whitish,  and  differing  in 
other  minute  particulars. '  It  is  less  numer- 
ous than  the  preceding,  but  w©  have  ob- 
tained it  from  chrysalides  on  several  occa- 
sions.  Inhabititis  precisely  likecongMmtor, 
and  equally  widespread  and  destructive  to 
other  species  of  lepidoptera,  being  one  of  the 
few  parasites  of  the  common  Apple  Worm 
X^^v^   ( Carpocapga  pomonella). 
<_i     V       Cbyptus  nuncius  (Fig.  41). — A  third 
\  luhiieumou-fly,    belonging    to  a   different 
genus  and  having  similar  habits  with  the 
no  ».-k™,*.  BBBHitou.  ontiin.  Pimplas jnstdescribed,except thatthopupa 
m™.'*TIn«/M''Y  i"^     '°^''  '''*^  '^  formed  in  a  cocoon,  may  (considering  the 
the  known  variability  of  coloration  in  the 
species  of  thegenns)  be  referred  to  Cryptua  nuiunua.  Say.    It  is  a  black 
iitid  red,  four-winged  fiy,  with  transparent  wiugs,  and  issues  from  the 
Aletia  chrysalis  during  the  spring.    It  is  a  well-known  parasite  of  out 
63  cona 8  I 
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large  native  silkworma,  Callosamia  promethea,  Samia  cecropia,  and  An- 
theraapolyphemut,  ftt>m  the  cocoons  of  Tchich  it  emerges  ia  the  liortberu 
States  early  in  tlie  spring,  a  cousiderable  Dumber  of  the  parasites  ap- 
pearing from  a  single  cocoon. 

A  fem&le  apMimeD  from  Aletia  bu  tbe  he,ad  and  thorttx  bUok,  the  8th-l(Hli  jointa 
of  (he  ftDtenoB  white,  the  palpi  black,  tbe  lege  includiDg  all  the  coxk  led,  xrith  th« 
tips  of  the  posterior  femora  and  of  the  poeMrioi  tibin  bUok,  and  the  po«tarior  tarsi 
tinged  with  brown.  Tbe  first  four  joints  of  the  abdomen  are  entirely  red,  tbe  bdc- 
ceeding  joints  and  tbe  eheatba  of  the  ovipoaitor  black,  the  ovipositor  itself  reddisb; 
the  apical  Jointe  of  the  abdomen  have  a  white 
spot  above.  Belyiag  upon  the  length  of  the. 
ovipoaitor  as  a  character  for  separating  tiuitcliM, 
Saj,  from  lamioi,  Pack-.C)  the  female  of  the 
present  species  may  be  distinguished  bf  the 
ovipositor  being  muoh  shorter  than  the  abdo- 
men, as  shown  in  Fig.  41,  b;  Fig.  41,  a  repre- 
senting Crsptus  lomtd.  Fig.  41  c  indicates  the 
form  of  the  abdomen  in  the  male. 

Thb  Ovate  Chalcis  (Fig.  42).— In  . 
the  next  family  (Chalcidida)  to  the 
Ichneumonidis,  to  which  tbe  preceding 
three  species  belong,  we  have  two  par- 
asites whieh  issne  from  the  pupa,  the 
larger  and  more  abundant  of  which  ia  ' 
the  Ovate  Chalcis  (CAalcis  ovata  Say), 
It  is  one  of  the  largest  of  the  North  ria.4i.-CiTOh«  « 
American  Chalcids,  measuring  5""°  in 
length,  and  may  be  readily  distin- 
guished from  the  other  Cotton  Worm  paraaites  by  its  swollen  hind  thighs 
and  by  the  glassy  appearance  of  its  abdomen.  The  species  is  also  easily 
distinguished  by  tbe  hind  thighs  being  black,  with  a  yellow  spot  at  tip, 
and  by  the  tegala>  being  entirely  yellow.  The  species  ia  widespread 
in  the  United  States,  and  occurs  also  in  Mexico  and  the  West  Indies. 
We  have  reared  it  from  Aletia  chrysalides  collected  by  Professor  Willet 
in  Georgia,  Profeiiaor  Comstock  in  Alabama,  Mr.  Schwarz  in  Texas,  Dr. 
Anderson  in  Mississippi,  and  by  us  in  the  first-mentioned  State  and  in 
North  Carolina ;  while  we  have  likewise  reared  it  from  Vesmia  maeuUtlii 
(the  Qrape  leaf-folder),  in  Missouri,  and  found  it  commonly  infesting 
the  chrysalides  of  certain  Ilackberry-feeding  worms  {Apatura  Ipcaon, 
Fabr.,  and  A,  herse,  Fabr.)  in  several  of  the  Southern  States. 

Unlike  the  Watchful  Pimpla,  the  Ovate  Chalcis  seems  t«  be  almost 
equally  abundant  throaghout  the  season,  increasing  but  little  towards 
fall.  Mr,  Schwarz  ia  of  the  opinion  that  the  species  is  perhaps  more 
abundant  in  Texas  than  in  Alabama,  and  that  only  full-grown  worms 
or  possibly,  occasionally,  a  newly-formed  chrysalis,  are  attacked.  He 
arrived  at  this  latter  conclusion  from  the  fact  that  in  all  the  chryaalides 
examined  which  contained  the  full-grown  parasitic  larvie  the  moth  was 
already  formed  and  its  abdomen  destroyed,  while  the  yonng  parasitic 
larvie  were  always  found  in  apparently  healthy  chrysalides  where  tbe 
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moth  was  not  yet  formed.  The  dnratiou  of  the  pupa  atate  of  the  Clialcis 
was  foiiad  to  he  from  eight  to  ten  days  in  Angust.  In  iawuiug  from  the 
Aletia  pupa  it  almost  iuvariably  eats  a  hole 
through  the  dorsal  part  of  the  Lhorax.<° 

The  Devoueinq  Teieastichus  { Tetraati- 
ckv«  esurua  Riley)." — The  chrysalides  of  Aletia, 
furmed  during  the  latter  part  of  the  season, 
are  frequently  infested  with  this  little  parasite, 
each  chrysalis  uourisbing  a  ui^tiiber  which  eat 
.  their  way  through  the  shell  in  the  form  of  small 
lilack  flies.  This  parasite  is  quite  generally 
distributed,  and  has  been  bred  in  Texas,  Ala- 
bama, and  Georgia.  The  larva;  are  pale,  elon- 
gate, egg-like  maggots,  and  the  fliea  issue  all 
^  through  theautuuin,  during  mild  winter  weather 
ami  (theluterones)iu thespring.  Thereexista 
a  possibility  that  this  insect  it^  not  a  so-called  i>ritnary  parasite  of  Aletia, 
but  that  it  infests  naturally  one  of  the  large  ichneumonid  parasites  of  the 
Cotton  Worm.  This  supjiosition  is,  however,  contradicted  by  the  fact 
that  Aletia  pupte  parasit«d  by  this  cbalcid  are  always  found  packed  to 
overflowing  with  the  Tetrastichus,  whereas  were  the  latter  simply  para- 
sitic upon  Pimpla  or  Ghalcis,  they  would  in  all  probability  be  fouud  only 
in  the  abdomen  of  the  Aletia  pupa. 

This  parasite  has  also  been  bred  from  the  fall  broodsof  the  worm  only, 
which  fact  may  be  due  to  the  possibility  of  its  parasitism  upon  Pimpla 
conquisitor,  or  from  its  being,  during  the  summer  mouths,  parasitic  upon 
some  larva  other  than  the  Cotton  Worm. 

SPECIES  THAT  ARE  EASILY  MISTAKEN  FOE  PARASITES  OP  ALETIA. 

Hexaplasta  zlGZAa"(Figs.  43aud44).— In  September,  1879,  a  num- 
ber of  minute  pai-asiles  were  sent  us  by  Professor  Comatock,  with  the 
statement  that  they  had  issued  from 
chrysalides  of  Aletia.  The  species 
was  ondescnbed,  and  as  we  could 
placeit  in  noknown  genus,  we  erected 
the  genus  IHdictyum,  and  described 
the  species  as  J),  zigzag  in  the  Amer- 
ican Entovwlogist,  111,52,  and  also  JQ 
the  first  edition  of  tins  Bulletin,  p. 
44.  Later,  Lowever,  we  learned, 
through  the  courtesy  of  Mr,  W,  H. 
Pattou,  of  Waterbury,  Conn.,  that 
Didictyum  is  synonymous  with  the 
C,yni£)id  genus  Hexaplaata  of  Foer- 
.  and^aiiri^1i"f.'Sijo""antcI;h^nuiMii  ster,  and  published  the  fact  in  the 

"Heated  iu  halr-lino.    (Aflur  Kilej).  ,  .  „    ,  ,.,,,,   „-n  ,       , 

Amer  nan  Lntomoiogiiit,l\l.,2,\)A  {aoXja 


Flo.  43. — Bexaplatlaiigtag!  showlBCfom 
oils  iDdkttttHt  ill  tulr-llno.    (AfUir  Kile 

VI).    We  also  there  expressed  the  belief,  based  ou  careful  observation, 
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that  this  parasite  doea  not  belong  to  AletiB,  bnt  that  it  ia  reality  attacks 
Pkora  aletue  Comstock — the  next  insect  which  we  discuss— and  that  Pro- 
fessor Gomstock  -was  misled  by  appearaaces  in  coasidering  it  a  true 
parasite  of  Aletia.    The  Hexaplasta 
ia  ceitaiuly  a  parasite  of  Phora,  as 

the  followiug  extracts  lh)ni  Mr.  Hub-  ^ 

bard's  notes  plainly  show : 

"  Certerville,  August  21.— In 
one  of  my  tin  boxes,  in  which  I  keep 
a  supply  of  Phora  larvte  feeding  upon 
moldy  leaves,  dead  caterpillars,  &c., 
I  to-day  observed  a  minute  chalcid  (t) 
fly  f^.  zigzag]  puncturing  one  after 

another   the    bodies  of    a    cluster    of  Fis.  «.— Ssnpliuta  z^za^ .-    fenule  (htm  aide. 

newly -hatched  Phoras.     I  separated  (Afuridiej). 

these  maggots  and  the  iiarasite.  The  parasite,  watched  uuder  a  lens, 
was  seen  to  insert  her  ovipositor  with  a  strong,  steady  motion  once  into 
the  body  of  each  larva  and  immediately  withdraw  it.  The  Phora  larvic 
were  confined  in  a  small  vial  with  crushed  Aletia  pnpEe  for  Jbod.  Ex- 
amined October  13.  Six  parasites  are  seen  walking  about  the  vial. 
They  disclosed  from  six  Phora  pupae." 

This  fully  confirms  our  own  experience,  and  leaves  do  doabt  that 
Hexaplasta  is  actually  parasitic  upon  Phora,  and  this  fact  being  proven 
it  is  altogether  unlikely  that  it  is  also  a  parasite  upon  Aletia,  although 
w©  have  no  absolute  proof  to  the  contrary.  We  introduce  the  account  of 
tdiis  insect  in  this  place,  as  it  was  considered,  upon  Professor  Comstock':^ 
authority,  under  the  head  of  the  true  parasites  in  the  first  edition. 

Phoea  ALETIA  Comstock  (Fig.  45). — Under  the  head  of  true  parasit^fs 
of  Aletia,  Professor 
Comstock  has  given 
detailed  descriptions  of 
a  species  of  Phora  com- 
mon throughout  the 
South,  as  Phora  aUtia, 
with,  as  it  seems  to  us, 
very  insufilcient  reasons 
in  support  of  his  view 
that  it  is  a  true  parasite. 
These  reasons  were, 
firstly,  that  it  had  been  ^ 

reared  in  great  numbers 
from  chrysalides  collect- 
mi  livAfr  Trdltinsnifi  thi\  ^'°-  ^^--Fhora  lOetia.  1«rv».  pupa,  fomalo,  and  mtio  abdaineo, 
etl  OJ  lUr.  i.reieaseiniUO  hlglily  cnUrged.    (Pergande  iW.) 

field,    which     appeared 

either  sound  or  parasited;  and,  secondly,  that  the  Pk.  incrasgaia  of 
EHroi>e  is,  according  to  Packard  (American  yaluraligt,  1808),  a  true  |)ar- 
asite  of  the  hive  bee. 

i:q,t7od  :..G00»^lc 
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To  answer  the  last  argament  it  may  be  stated  tliat  Pk.  incrusaaia  bas 
never  1)een  satisfactorily  proven  to  be  a  bee  parasite,  in  spite  of  Ur. 
Packard's  statement  to  the  contrary. 

In  regard  to  the  first  argament,  oar  experience  with  this  particuliar 
Phora  has  been  qnite  extensive,  and  has  proven  that  the  eggs  are  laid 
in  masaes,  not  necessarily  npon  the  insect,  and  never  upon  living  or 
healthy  insects.  The  larvte  very  soon  attack  any  decaying  animal  or 
vegetable  Hobstance ;  but  while  they  may  be  thickly  crawling  about  and 
over  living  larvae,  they  do  not  penetrate  the  same.  After  the  iutiect 
was  considered  a  parasite  of  Alotia  we  took  pains  to  have  the  actual 
facta  ascertained  and  verified,  and  the  observations  of  Messrs.  Hubbard 
aad  Schwarz  are  conclusive.  A  Jiote  in  the  American  Entomologiat,  111, 
233,  by  Mr.  Hnbbard*^  to  the  effect  that,  from  his  observations,  the 
fliee  gatheied  about  moldy  food  and  the  excrement  of  larvte,  but  never 
deposited  eggs  anless  they  foand  dead  moths,  larvse  or  pup^e,  and 
moisture,  was  the  occasion  for  the  following  interesting  letter  from  Baron 
Osten  Saeken  on  the  habita  of  the  genus,  which  was  published  iu  the 
November  (1880)  number  of  the  American  JBntomologist: 

Th«  opinion  ezpreiMd  by  Hr.  Unbbud  in  jonr  September  namber  (p.  328)  aboot 
JPhora  not  being  a  tme  pkraaite  bolde  good,  no  doabt,  in  the  majority  of  caaea.  Among 
tbe  litATfttore  which  I  have  collected  on  the  habits  of  PAoro,  I  find  only  one  direct 
Btatement  about  larvn  of  thin  fly  having  developed  ia  a  living  insect.  Mr.  Brischke 
(Kloinere  Beobacbtangeit  tiber  laseoten)  leoeived  fnim  a  coleopterist  some  pupa  and 
iuagoa  of  Ptoro,  with  the  remark  that  the  pnpn  had  come  ont  of  the  anns  of  a  living 
Oimfitrwta.  The  Mend  very  probably  meant  to  say  that  Uxrtm  had  oome  out  and  had 
Immedistdy  tranalbrmed  into  pnpai.  The  HtaMmentH  of  Bonoh^  (NatnTg.d.InB.,  p. 
101)  an  lew  direct.  He  obtained  larvs  of  Pftoni  from  eeTeral  specimens  of  Sphinx  oon- 
Mteati  in  uqitiTity,  and  from  oaterpillara  of  a  Tinea.  Although  he  does  not  say  that 
the  Sphinxea  and  caterpillars  were  alive  when  the  iarvta  emerged  &am  them,  we  are 
JnatiflBd  to  aammefrombiawording  tbat  thelarvraof  PAorshad  lived  in  tbeir  hoet, 
while  lie  waa  alive,  althoogh  they  may  have  escaped  after  death.  Brisobke  (I.  o. )  also 
takes  It  that  way. 

Penis,  In  bis  /«f«o'«ii  in  pi*  marttiau,  had  expreaeed  the  same  opinion  as  Hr.  Hnb- 
bard,  that  tbe  larvs  of  Phora  are  scavengers,  not  parasitee ;  bnt  later  (B^iultaii  de 
jwrijites  frimtMida  entontologiqaa,  in  Ann.8oc.Ent.  Ft., 1673, p. 74)  he  mTifmnrci  hia 
donbta  abont  the  matter.  He  had  obtained  a  PXtira  bom  the  nymphn  of  Coeoinelltt 
Tjiaaefafa,  tbeeenympha  not  showing  any  signs  of  decay.  Cnrtis  (Brit.  £nt., 437) 
and  BoDdani  (Atti,&«.,Uiluio,1960}  relate  similiaobservations.  In  anoh  oases  the 
larw  of  Ptera  may  liave  been  oonUnami*  wlthoat  being  panuila;  they  may  have 
UBed  tbe  nymptue  and  eaten  their  oontents.  Zetteretedt's  statement,  "larva  (Phora) 
im  Ceolrap*  MMtoonri  tnveiutt,  ttitt  Uarlclin,"  may  oi  may  not  refer  to  a  caM  parallel  to 
that  of  OMtedsTMO.  Tbe  oaae  related  byOonreaa  (Ann.  Sao.  Gut.  Fr.,  1855,  p.  SI)  of 
papa  of  Pfeora,fonnd  in  a  box,  in  whioh,  for  abont  a  month,  he  had  kept  a  pinned 
AM^irw,  ia  likewise  not  oonclnaive,  beoanse  the  Phora  may  have  slipped  in  the  box 
■ad  laid  eggs  on  Qie  pntreeoent  spedmeo.  Still,  there  is  enongh  to  show,  in  what  pre- 
«edM,  that  there  is  something  to  be  learned  yet  alMot  tbe  habits  of  Phora, — [C.R. 
Orxh  B&CKSN,  Btid^berg,  Otrmauy,  Ootoler,  1880i 

Mr.  Sdiwarz's  observations  on  PAcra  aietits  give,  in  good  form,  the 
habits  of  tiie  spedes,  and  are  herewith  given  in  full : 

*1Sj  aoqnaintanoe  with  this  particular  species  of  Phora  dates  back 
■0  ftr  M  ttie  ipiing  and  early  enmmer  of  1876.    In  that  year,  while  in 
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catnp  near  Enterprise,  Fla.,  I  was  greatly  annoyed  by  the  api>earance  of 
these  flies  within  the  paper  boxes  where  I  kept  the  insects  collected  by 
me.  These  insecU  were  killed  by  leaving  them  in  the  cyanide  bottle  for 
not  less  than  12  hoars.  I  never  noticed  any  Fhoras  in  perfectly  tight 
boxes,  and  they  infested  only  such  not  perfectly  tight  boxes  as  con- 
tained large  insects,  especially  Ortboptera,  which  in  the  moist  air  of  a 
Florida  rainy  season  are  very  difficnit  to  dry  and  which  were  in  a  state 
of  slight  decomposition.  The  larvK  of  these  flies  either  fed  ext«mally 
upon  the  soil«r  parts  of  the  dead  insects,  or  internally,  and  the  pnparia 
were  either  formed  on  the  outside  of  the  insects  or  simply  fastened  to 
any,part  of  the  box.  On  my  second  trip  to  Florida  I  had  similar  ex- 
perience, thongh  I  was  better  prepared  for  the  attacks  of  Pbora,  a  lib- 
eral and  frequent  ase  of  carbolic  acid  doing  good  service  in  keeping  the 
flies  out.  Being  thos  &mi1ar,  or  at  least  believing  myself  familiar,  with 
the  habits  of  this  Phora,  X  was  not  astonished  to  see  it  around  my 
breeding  jars  and  pill  boxes  with  insects  daring  my  stay  in  Colnmbos, 
Tex.,  daring  the  summer  of  1879,  and  considered  it  as  a  matter  of  coarse 
to  spe  the  flies  emerging  from  the  jars  where  X  kept  chrysalides  of  Aletia, 
a  portion  of  which  I  knew  to  be  rott«n.  It  never  occnrred  to  me  then 
that  this  Phora  wonld  ever  be  considered  as  a  parasite  of  Aletia.  Af- 
ter Professor  Gomstock  had  declared  it  as  each,  I  paid  more  attention 
to  the  insect  daring  my  stay  in  Selma.  A  namber  of  sound  Aletia 
chrysalides  were  crushed  and  put  in  ajar  which  was  partly  open.  Sev- 
eral Phoras  were  seen  in  the  jar  21  hours  afterwards,  and  fonr  days 
later  the  rotting  mass  was  alive  with  the  fly  larvae.  Another  lot  of 
BOQud  chrysalides  was  crushed  outdoors  in  their  webs,  bat  only  two  of 
them  were  found  afterwards  to  be  infested  with  Phora,  the  others  were 
either  eaten  out  by  the  ants  or  simply  dried  up  without  attracting  any- 
thing. IiarvEB  of  Phora  aletia  were  not  onfrequently  found  in  the  last 
week  of  August  and  the  first  week  of  September  In  chrysalides  of  Aletia 
which  hang  down  Jrom  the  naked  stems  and  leaf-ribs,  the  worms  hav- 
ing previously  utterly  defoliated  the  plants.  Many  hundreds  of  these 
chrysalide  which  are  thus  nnprotected  from  the  rays  of  the  san  or 
from  the  rain  were  examined  by  me  daring  the  time  just  mentioned,  and 
by  far  the  greatest  part  of  them — at  least  three-fourths  of  the  whole 
number — proved  to  be  rotten,  the  contents  being  a  light  brown,  badly 
smelling  fluid.  Ko  parasitic  larvte  could  be  discovered  within,  and  the 
chrysalides  showed  no  outward  signs  whatever  of  having  been  attacked 
by  any  insect.  The  remainingone-fourth  of  these  chrysEdides  were  either 
in  healthy  condition,  or  killed  by  some  enemy  (mostly  by  ante  and  Po- 
disui),  or  infested  with  parasites  {ChaUns  ovata  and  Tachina),  or  con- 
tained Snrcophaga  and  Phora  larvEB.  I  have  to  emphasize  the  fact 
that  the  chrysalides  containing  Pbora  larvte  contained  the  same  rotten 
fluid  of  the  same  disgusting  smell  as  the  majority  of  the  chrysalids 
mentioned  above.  From  150  specimens  of  such  chrysfdides  pot  in  a 
large  glasa  jar  I  obtained  only  5  or  6  moths,  a  namber  of  tiie  above- 
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mentioned  patasites,  and  a  ^reat  many  Fhoras.  At  the  same  time  a  rery 
large  namber  of  chrysalides  wore  examined  vhich  bad  webbed  op  in  tbe 
leaves  of  Artemina  tridentata  and  other  weeds  and  shrnbs  adjacent  to 
the  devastated  fields.  Kot  a  single  rotten  chrysalis  was  foand  among 
them,  by  far  the  largest  namber  being  healthy,  and  only  the  nsaal  pro- 
portion contained  OhaUHt  or  Taehina  larvte  or  pnpEB.  Xot  one  of  them 
contained  Fbora  larvce,  nor  wtis  any  Phora  raised  from  abont  150  cb  rys- 
alides  which  I  took  indoors  and  pres^ved  in  a  tight  jar.  The  tact  that 
tbe  greater  portion  of  tbe  chrysalides  which  were  on  the  naked  leaf- 
ribs  of  the  devastated  fields  proved  to  be  rotten,  while  at  the  same 
time  those  which  had  regnlarly  webbed  np  in  the  leaves  of  the  adjacent 
weeds  were  healthy,  is  probably  dae  to  the  iodnence  of  spnshine  and 
tain  on  the  nnprotected  chrysalides.  A  large  portion  of  these  hong 
downward,  suspended  only  by  one  thread  or  the  remaining  portion  of 
the  web.  This  onnatoral  position  oaosea  them  to  be  stretched,  the  soft 
ligaments  between  the  segments  thus  exposed  offers  a  convenient  place 
tat  the  yonng  Phora  larvic  to  enter  the  interior  of  the  chrysalis. 

'^Aiter  it  has  once  been  asserted  that  Phora  is  a  tme  parasite  of 
Aletaa,  and  since  it  is  an  ondispated  fact  that  Phora  has  actnally  been 
raised  from  chrysalides  of  Aletia,  it  is,  of  course,  difflcolt  to  prove  the 
contrary.  My  observations  prove  only  that  Phora  lives  as  a  scavenger 
(HI  other  dead  and  decaying  insects  as  well  as  in  decaying  ohrysalids 
of  Aletia.'' 
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CHAPTER   IX. 


PREVENTIVE  MEASURES. 

Mode  of  oultitation. — Our  knowledge  of  the  sstnral  history  of 
Aletla  and  the  yearly  recurring  experience  with  its  ravages,  teach  os 
that  the  principal  and  moat  effective  means  of  prevention  is  to  hasten 
the  maturity  of  the  plant,  so  that  a  portion  of  the  crop  shall  be  beyond 
the  reach  of  harm  fh>tn  the  more  disastrons  July  and  Angnst  broods  of 
the  worm.  The  imx>ortance  of  this  subject  has  long  since  been  recog- 
nized by  intelligent  planters,  and  important  results  have  at  times  been 
obtained.  Mr.  J.  C.  Mathews,  of  Crittenden's  Mills,  Dale  County,  Ala- 
bama, writes,  in  answer  to  qnestioc  15  of  the  circular,  as  follows:  "We 
have  improved  our  cotton  seed  so  much  that  oar  cotton  is  all  of  a  month 
earlier  than  it  was  when  the  worm  first  ate  us  op.  Last  season  our  cot- 
ton was  nearly  all  open  in  Angaat  and  September."  Judge  Jones,  of 
Virginia  Point,  Tex.,  also  writes  ns,  September  5, 1880,  as  follows: 

"I  have  been  more  sensibly  impressed  than  ever  before,  that  early 
planting  and  timely  cultivation  will  give  the  cotton  plant  such  a  vig- 
orous and  early  growth  as  to  discourage  the  mother  moth,  and  will  ma- 
terially retard  their  destructive  movements.  In  nearly  every  instance 
that  has  fallen  under  my  observation  this  season,  where  cotton  bad  an 
early  start,  with  faithful  and  diligent  cultivation,  the  injury  to  the  plant 
and  its  &uit  has  been  comparatively  light,  or  there  bas  been  entire  ex- 
emption £rom  the  wono." 

Improving  the  cotton  seed  in  the  direction  just  mentioned  can  be  ac- 
complished principally  by  careful  selection  of  early  maturing  varieties 
of  cotton ;  or  by  intsoducing  eeeda  from  more  northern  regions.  Early 
planting  is  strongly  to  be  urged  in  this  connection,  though,  of  course,  it 
has  its  drawback  in  the  risk  of  exceptionally  late  frosts.  Another  way 
to  hasten  the  maturity  of  the  crop  bas  been  suggested,  viz.,  by  planting 
the  seed  in  hot-beds  during  winter,  and  transferring  the  young  plants 
thus  raised  to  the  field  when  there  is  no  longer  danger  of  frost,  on  the 
plan  adopted  by  Northern  growers  of  the  sweet  potato. 
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This  same  idea  forcibly  occnrred  to  as  on  our  first  visit  to  the  Soath ; 
bat  npon  soggestiog  it  and  nrgiug  it  to  ezperienced  planters,  they  in- 
variably  replied  that  Uie  cotton  plant  fonns  sach  a  long  tap-root  and  is 
so  very  tensitive  to  removal  or  trausptaDting,  that  the  method  becomes 
impracticable.  The  only  way  in  which  cotton  plants  could  he  snccese- 
folly  transplanted  wooldbefrom  small  pots,  and  sach  mode  is  precluded 
on  account  of  the  expense,  though  paper  bags,  it  seems  to  us,  might  in 
many  instances  be  successfully  used  for  this  purpose.  Careful  and  fire- 
quent  cultivation,  which,  moreover,  has  the  teadency  to  disturb  and 
knock  ofT  the  worms,  will  materially  assist  in  producing  a  crop  before 
tiiese  appear  in  force ;  and  such  well  cultivated  fields,  while  they  are 
HQbject  to  the  attacks  very  early  in  the  season,  will,  at  the  critical  pe- 
riod, be  least  injured. 

Topping  the  cotton  is  recommended  and  practiced  in  some  sections  to 
hasten  maturity,  and  while  it  will  no  doubt  help  to  produce  the  desired 
effect,  the  labor  necessary  would  hardly  be  repaid  by  the  success,  since 
it  includes  the  loss  of  the  top  crop.  Where  done  in  order  to  destroy  the 
eggs  of  Aletia,  the  labor  is  more  or  less  wasted,  as  only  a  small  propor- 
tion of  the  eggs  are  laid  on  the  top  leaves  duriug  the  season  when  the 
chief  injury  is  being  done. 

Every  other  means  that  will  give  the  cotton  plant  an  early  aud 
vigorous  growth,  e.  g.,  rich  manuring,  or  soaking  the  seed,  before  plant- 
ing, in  sulphuric  acid,  ought  to  be  employed,  aud  will  assist  in  prevent- 
ing the  ravages  of  the  pest. 

Taking  the  opposite  view,  Dr.  Phares  has  suggested  that  by  sys- 
tematically deferring  the  phuitiag  of  cotton  till  the  end  of  May,  or  until 
all  the  liibematiug  moths  had  perished  without  fiuding  food  for  their 
issue,  and  then  planting  some  early-maturing  variety,  we  might  entirely 
prevent  the  injuries  of  the  worm.  This  would  be  an  excellent  sugges- 
tion could  the  planter  know  beforehand  that  it  wonld  be  necessary, 
and  were  there  not  decided  advantages,  as  just  set  forth,  in  getting 
early  matority. 

While  it  has  been  believed  that  the  long-staple  cotton  is  more  injured 
by  the  worm  than  the  short  staple,  yet  the  belief  is  by  no  means  general, 
and  there  seems  to  exist  no  variety  of  cotton  which,  for  its  comparitive 
immnuity  from  the  attacks  of  the  worm,  deserves  Xo  be  cultivated  in 
prefereoce  to  other  varieties;  nor  have  we  at  present  any  reasonable 
hope  of  producing,  by  careful  selection  of  seed,  a  variety  which  is  less 
subject  to  injury,  a  process  which,  if  possible,  would  require  many  years 
to  bring  forth  any  noticeable  results. 

For  several  years  past  a  paragraph  has  been  going  the  rounds  of  the 
newspapers  of  the  South,  to  the  effect  that  a  planter  in  Texas  had  pro- 
duced, after  many  years  of  experiment,  a  "  worm-proof  cotton,"  by 
hybridizing  cotton  with  a  certain  weed,  aud  that  he  was  willing  to  sell 
his  secret  to  the  Government  for  a  handsome  sum.  We  have  not  seen 
tbu"wona-proafootton,''Qorcaawe  learn  that  any  troatworthy  planter 
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baa  ever  seen  it,  and  it  is  Bafe  to  put  down  tbis  so-called  important  in- 
vention eitber  as  an  itlnalon  or  as  an  imposition  and  hnmbug. 

There  are  several  6tbor  poiots  in  tbe  caltivatioD  of  cotton  which, 
thoagh  of  minor  importance,  Bbonld  be  borne  in  mind  in  tbis  connection. 
The  frequent  exemption  of  small  fields  that  are  separated  from  larger 
»nes,  or  snrrounded  by  some  other  crops,  suggests  the  advisability  of 
breaking  np  the  very  large  and  continuous  cotton  fields,  and  tbe  adop- 
tion of  a  more  diversified  agricultare.  It  will  be  well,  also,  to  avoid 
planting  cotton  in  those  spots  where  the  worms  have  been  known  to 
first  reappear  from  year  to  year.  Tbe  method  of  interspersing  the  cot- 
ton with  com,  often  practiced  in  the  Soath,  may  well  be  recommended 
from  an  economical  standpoint;  bat  less  so  from  the  eDtomoIogical 
view,  for  while  it  may  have  some  effect  in  lessening  the  Cotton  'Worm, 
there  is  not  yet  snfflcient  confirmation  of  the  fact,  and  the  cnstom 
doabtless  helps  to  increase  the  injury  from  the  Boll  Worm. 

There  exists  a  wide-spread  belief  among  planters  that  by  sarroaoding 
cotton  fields  with  certain  plants,  or  even  by  planting  a  few  sncfa  plants 
between  tbe  cotton  rows,  the  latter  will  be  protected  from  the  ravages 
of  the  worm.  This  belief  is  evidently  based  on  the  idea  tiiat  the  parent 
moth  is  prevented  from  ovipositing  on  such  cotton  by  the  odor  emitted 
by  such  plants. 

Jute  {Oorekorvt  eapsularis)  is  the  most  noted  and  familiar  of  these 
"protecting"  plants.  When  and  where  the  belief  of  the  protecting 
power  of  the  jate  originated  is  difflcalt  to  prove  at  tbe  present  time,  and 
the  following  paragraph  on  the  subject  from  the  New  Orleans  Timet  of 
December  25, 1873,  is  evidently  written  after  this  belief  had  already 
made  mnch  headway : 

It  remklns  fbt  HB  to  notice  thefarther  Important  Cut  thftttlieeiiltiin  of  Jute  In  tliia 
State  IB  likely  to  piore  tbe  deatb  of  the  Cotton  Worm.  On  tiiis  point  ire  bsve  the 
experience  of  Ur.  Emile  Lefrano,  who  oaanrea  na  that  neither  fllee  nor  bnttwfliea  vrv 
Btoplu  thejntepluik  Itappesn  the  plant  girea  oat  an  odor  -which  diivea  them 
away,  and  the  consequence  la  that  no  caterpillar  trill  appear  on  the  plantation  where 
Jnte  is  gtowa,  DeeirinK  t«  verify  this  important  andvalaahle  discovery,  the  "Bamfe 
Planting  ABSoclatian"laat  seaaon  planted  three  ssTeral  dJSbrent  flelda of  ootton,  and 
tuToanded  them  with  a  Jate  growth  belt.  No  leaf,  no  flower,  no  boll  waa  destroyed. 
The  fields  were  entirely  free  fi»m  tbe  caterpillar,  while  other  cotton  fields  on  adjacent 
plantationa  ware  invaded  by  the  voraciona  fnwcta.  Thia  atatement  baa  been  verified 
by  many  gentlemen  of  New  Orieans.  In  the  pieaent  preoariovs  oondltion  of  cotton 
cnltore,  the  &et  we  have  mentioned  is  aasotedly  wort^hy  of  the  earnest  attention  of 
all  intelligent  planters. 

How  mncb  tmth  there  is  in  the  veriflcationof  this  "  finable  discov- 
ery "  we  do  not  know,  bet  no  subsequent  experiments  seem  to  have  been 
made  and  recorded,  and  the  more  recent  writers  on  the  sabject,  and 
especially  Mr.  J.  0.  Waldo,  of  New  Orleans,  who  advocates  this  pre- 
ventive measure,  seem  to  draw  only  from  the  source  quoted  above.  Jnt« 
is  planted  bnt  very  little  in  the  South  at  the  present  time,  and  it  was 
not  nntil  1880  Uiat  one  of  the  observers  in  the  field,  Dr.  Anderson,  h44 
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the  opportanity  of  eeeiag  jnte  planted  side  by  side  vith  cotton.    He 
writes  in  bis  report  as  follows; 

Id  107  isTwtJgStlon  this  SBHon  I  had  the  opportnnity  of  seeing  the  jate  grov* 
iog  in  themidxt  of  (!ott<»i.  It  had  been  planted  in  May,  and  when  I  aaw  it,  late 
in  Angiut,  had  attained  the  height  of  8  to  10  feet,  and  was  Inxuriant.  The  row, 
about  300  feet  long,  was  smroimded  by  ootton,  the  row  of  the  Jnte  rnDulng  parallel 
with  the  rowa  of  ootton,  and  the  worme  wen  abondant  on  the  ootton  in  the  midst 
of  the  Jate,  and  touching  their  leavM.    Its  effbct  was  niltil. 

la  tbe  fall  of  1S31,  in  the  ezperimeDtal  groondB  of  the  cotton  exposi- 
tion at  Atlanta,  Ga.,  ve  had  an  excellent  opportanity  of  observing  the 
effect  of  jute  which  was  planted  in  the  midst  of  cotton,  "Sot  only  was 
the  cotton  adjacent  to  the  jnte  utterly  defoliated  by  the  worms,  bat 
they  tiad  spnn  up  in  great  nnmbers  on  the  jote  leaves. 

Other  plants  which  are  believed  to  have  similar  protective  influence 
are  hemp  (Cannabis  sativa),  the  China  tree  (Melia  azedaraeh),  the  Dill 
{Anethnm  gttaTeolenM\,  and  lately  the  Pyrethmm  plants,  not  to  mention 
others  which  are  known  only  under  local  popular  names,  and  which  we 
have  been  nnable  to  identity.  While  we  do  not  donbt  that  the  plants 
just  mentioned  are  generally  firee  from  insect  injury,  it  is  safe  to  say 
that  none  of  them  have  any  protective  inflaence  whatever  over  other 
plants  in  their  neighborhood,  and  none  whatever  on  the  appearance  or 
non-appearance  of  the  Cotton  Worm.  Beports  of  success  are  illusory, 
the  non-appearance  of  the  worms  being  due  to  other  canses. 

Pboteotiok  op  Hatubai,  ExtEMiBS.— Hardly  less  important  than 
early  planting  is  the  protection  of  th(»e  natoral  enemies  of  the  Cotton 
Worm  that  permit  of  it.  In  the  present  state  of  oar  knowledge  no 
practicable  method  presents  itself  that  will  enable  the  planter  to  pro- 
tect or  propagate,  or  in  any  other  way  encourage,  on  a  large  scale,  the 
most  efi^ctive  of  these  enemies,  viz.,  the  parasites  of  Aletia;  but  much 
good  can  be  accomplished  by  the  protection  of  many  other  enemies,  and 
foremost  among  them  of  the  birds.  The  shooting  and  trapping  of  all 
smaller  birds,  which  is  so  industriously  practiced  at  the  present  time  by 
the  freedmen  throughout  the  cotton  States,  as  well  as  the  collecting 
and  destroying  of  birds'  nests  and  eggs,  should  be  prohibited,  while  the 
killing  of  hawks  and  other  birds  of  prey  shoold  be  enconraged.  Tame 
fowls,  snch  as  chickens,  turkeys,  and  guinea-bens,  have  proved  valu- 
able in  protecting  smaU  fields  near  the  house,  and  wonld  accomplish 
much  good  if  brought  np  near  those  spots  where  the  first  worms  occar. 
Lizwls,  frogs,  and  toads,  which  are  familiar  objects  to  every  one, 
and  a  great  many  of  the  insect  enemies  of  Aletia,  «.  g,.  Ground-beetles, 
Soldier -beetles.  Lady -birds  and  Soldier-bugs,  which  by  their  size  or  col- 
oration are  conspicuous  enough  to  be  recognized  by  the  planter  ftvm  the 
figures  given  in  the  chapter  on  Natural  Enemies,  should  never  be  wan- 
tonly destroyed.  The  leaving  of  an  occasional  stnmp  in  the  field  is,  we 
betieve,  advisable,  because  the  nests  of  ants  in  the  ground  are  less  lia- 
ble to  be  washed  awt^  and  destroyed  by  rains  in  fields  where  trees  and 
itan^oooor. 
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Where  band-picking  is  followed,  the  pnpce  should  not  be  cmshed  at 
once,  bat  placed  in  a  barrel  covered  with  a  wire  screen  to  adroit  of  the 
escape  of  the  parasites,  and  at  the  same  time  to  retain  the  moths  and 
canse  them  to  perish. 

Immunity  of  Cotton  under  Tbees. — ^The  immnui^  of  cotton 
growing  onder  single  trees  that  are  left  standing  in  the  field  has  long 
been  noticed  and  attributed  to  the  protection  and  attraction  afforded 
to  birds  by  such  trees.  We  bad  adopted  this  view  in  the  first  edition 
of  this  work,  bat  the  great  regularity  with  which  this  phenomenon 
occnrs  throughout  the  cotton  belt,  and  several  otiier  circomstances 
counecteil  with  it  and  presently  to  be  mentioned,  induced  us  to  have  the 
subject  re-examined.  There  is  no  doabt  in  oar  mind  that  this  exemp- 
tion of  cotton  is  dae  to  tiie  direct  influence  of  the  tree  on  the  plants 
growing  under  it,  and  not  to  the  birds  and  other  enemies  of  the  worm. 

Mr.  J.  P.  Stelle,  during  his  stay  in  Texas,  conducted  an  experiment 
which  throws  some  light  on  the  subject,  and  which  he  records  in  his 
diary  aa  follows: 

August  30,  leSL  It  le  thoaRbt  hj  all  planters  that  shade  protects  eottou  from  the 
-work  of  the  Cotton  Worm,  and  it  grows  oat  of  the  fact  that  plants  growing  nnder  trsM 
aie  more  or  lest  exempt.  X  have  attribated  the  exemption  to  the  work  of  birds ;  hot 
the  planters  declare  it  to  he  shade.  To  settle  the  qnestion  I  have  to-day  erected  a 
t«mporu7  ahed  over  a  nnmber  of  plants  by  etretobing  an  old  tarpanlin  atiove  them, 
on  stakes  in  the  center  of  a  field. 

Beptember  3.  My  temporary  shade  has  pioveD  a  protection  to  ibe  plants ;  the  worms 
are  not  working  nudor  it  to  amoant  to  mnch,  though  all  around  they  bare  comi^etely 
stripped  the.  cotton. 

Other  observations  show  that  cotton  growing  under  a  dense  tree  is 
not  only  exempt  &om  injury,  but  even  not  touched  by  the  starving  and 
migratiag  worms.  This  fact  alone  Indicates  that  the  presence  of 
birds  cannot  be  the  true  explanation.  It  has  been  Airther  observed 
that  a  small  tree,  or  a  dead  one,  even  if  it  has  many  branches,  has  but 
little  protective  inflnence,  or  none  at  all,  on  the  plants  growing  onder 
it.  That  this  influence  cannot  be  entirely  due  to  the  shade  alone  ap- 
pears more  than  probable,  since  it  is  exerted  on  all  sides  of  the  tree. 
Whatever  the  real  cause  may  be  that  prevents  the  work  of  the  worm 
nader  such  circamatances,  it  likewise  affects  the  cotton  injariously,  for 
on  poor  soil  such  cotton  remains  very  poor  and  small,  while  on  rich  soil 
it  grows  rank,  and  consequently  bears  very  few  bolls  or  none  at  all. 
There  is  no  way  of  making  any  practical  nse  of  this  inflnence  of  trees 
on  the  work  of  the  worm. 

PBETENTma  OviPosiTion  op  thb  Moth. — ^As  a  possible  means  of 
prevention,  the  idea  suggested  itself  to  apply  some  sabstance  to  the 
plants  which,  by  its  odor  or  otherwise,  would  drive  off  the  moths,  and 
thns  prevent  oviposition.  This  idea  opens,  of  coarse,  a  large  field  for 
experimentation;  but  we  confess  that,  for  several  reasons,  we  do  not 
hope  for  important  results  in  this  direction.  The  few  experiments  tiiat 
bare  been  made  are  &r  from  being  enoooraging,  and  are  simply  n- 
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corded  here  to  show  tbat  tbis  snggeatioD,  wliicb,  tbeoretioaUy,  looks 
plansible  enOQgh,i8  practically  beset  with  great  dltBcoItiea.  We  quote 
the  following  paragraph  from  Mr.  Schwarz's  report  on  experiments 
made  at  Belma,  Ala. : 

Wliile  experimenting  with  decootiona  and  extrootB  of  Tarions  plants,  and  knowing 
tbat  the  motlu  wen  ovipoBitiDg  ftt  the  time,  I  tried  the  following  three  enbatanoM, 
with  ft  Tiew  to  SMertain  whether  they  rendered  the  plant  mffloiently  diataatefol  to 
the  moth  to  pnvent  bee  &om  ovipoBiting :  1.  Infogiou  of  AilanthaH  lea^ea ;  2.  in- 
fusion of  Walnut  leaTea ;  3  deoootion  of  Hoarhonnd.  The  first  I  seleoted  without  any 
special  reason,  being  influenced  only  by  the  universal  belief  in  ita  e£Qcacy ;  the  seoond 
because  I  knew  by  experience  that  It  rendered  the  leaves  diataBteful  to  the  wnnuB ; 
the  tbitd,  on  acconnt  of  ita  most  powerful  and  nn  pleasant  smell. 

The  application  of  the  three  eabstances  was  made  very  easily,  as  the  moths  ovipos- 
ited at  this  time  (September  5}  with  preferance  on  the  leaves  of  the  young  shoots 
arising  from  near  the  roots  of  the  plants.  Three  amall  shoots,  each  on  a  different  plant, 
were  then  examined  for  eggs,  and,  after  removing  these  with  a  knife,  the  infaaiona 
were  plentifDlly  applied  so  that  each  leaf  was  fairly  drenched  from  both  aides.  , 
<6e1ma,A]a.,8ept.6.) 

Examination  on  the  7th  of  September  shows  that  none  of  my  deoootions  bad  the 
slightest  effect,  the  number  of  eggs  laid  on  the  three  ehoote  being  qnite  considerable, 
and  apparently  not  leas  than  on  other  shoots  not  treat«d  with  any  snbstance.  There 
was  a  heavy  shower  yesterday,  but  the  leaves  being  sprinkled  on  both  sides,  the  rain 
could  not  have  washed  away  every  trace  of  the  decoctions. 

Obserratioaa  in  tbe  field  seem  to  show  tbat  common  road  dnst  conld 
possibly  be  otilized  to  prevent  oviposition  of  tbe  moth.  Mr.  Stelle  says, 
in  one  of  his  letters  from  Calvert,  Tex. :. 

A  maoh  traveled  road  mna  east  and  west  through  the  field;  on  thesontb  side  of  it 
the  cotton  is  badly  eat«n  by  norms,  while  for  40  feet  along  the  north  side  it  does  not 
■eem  to  hare  been  much  disturbed.  I  investigated  for  the  canae  of  this  exemption, 
and  fenod  it  to  be  the  result  of  a  south  wind  blowing  the  dnst  stirred  up  in  the  road 
over  Ihe  phnts.  '  It  seemed  to  have  at  least  retarded  the  work  of  both  Boll  and  Cot- 
ton Worms. 

Mr,  Bcbvarz,  while  speaking  of  those  spots  in  cotton  fields  which  had 
escaped  tiie  general  destmction  by  the  worm  ia  Angnst,  1880,  aayB : 

Hie  ontaide  row  or  rows  of  a  field  are  very  often  exempt,  sometimes  even  to  a  re- 
markable degree,  but  by  no  meane  always.  In  some  instances  this  immunity  maybe 
due  to  the  direct  inflaence  of  the  road  dust  that  thickly  covers  the  leaves,  but  it  oc- 
oDiB  ^so  where  there  is  no  road,  and  consequently  no  road  dust,  and  where,  therefore, 
another  explanation  is  necessary.  I  fail  to  find  any  satisfactory  explanation,  unless, 
pwbaps,  in  such  cases  the  outside  rows  grow  under  conditions  less  favorable  to  the 
plants,  whioh  thus  have  less  attraotion  to  the  moth. 

Mr.  stelle  himself  noticed  later  the  exemption  of  the  onteide  rows  of 
oottoa  fields.    He  writes  in  his  diary,  September  3, 1880: 

I  have  noticed  in  fields  that  the  plants  growing  adjacent  t«  open  spaces,  as  along 
nt^  oven  thongh  bat  little  traveled,  are  inoro  or  less  exempt  from  the  working  of  the 
vtama.  In  tbe  midst  is  about  ooe-foarth  of  an  acre  iu  street  potatoes,  rauk-growing 
and  dear  of  weeds.  For  abont  the  width  of  two  rows  around  the  patch  the  cotton  Is 
soaroely  touched,  while  everywhere  else  it  is  completely  trimmed. 

1  have  seen  a  similar  case  along  the  side  of  a  patch  of  peas  (Dolichos)  where  the 
exempt  rows  were  several  hnndred  yards  in  length. 

Similar  facts  have  often  come  nnder  oar  notice  and  are  quite  com- 
monly  obeored. 
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Some  experimenta  with  road  dast,  bnt  more  with  a  view  to  drive  the 
worms  of^  were  carried  on  and  will  be  recorded  later.  It  sofiBces  to 
state  here  that  the  results  obtained  render  It  highly  probable  that  a 
thickcoadngofdostiiotoQly  protects  the  plants  from  wormsbut  would 
also  prevent  ovlposition  of  the  moth.  There  is  algo  bnt  little  doubt 
that  floar,  ashes,  in  short  every  pulverized  material  thnt  can  be  made  to 
adhere  thickly  to  the  plant,  and  especially  to  the  underside  of  the  leaves, 
could  be  substituted  for  road  dust. 

Eablt  application  op  diueot  fisUEDiES. — As  preventive  meas- 
ures we  must  further  consider  the  early  appUcation  of  the  direct  reme- 
dies, in  other  words,  every  attempt  to  destroy  the  insect  early  in  the 
season  before  it  is  numeroas  enough  to  do  much  injury.  The  remedies 
themselves  will  be  discussed  later  on ;  it  suffices  to  say  that  we  have  to 
deal  ht^re  with  the  destruction  of  the  hibernating  moths,  or  those  of  the 
first  generationB,  and  the  poisoning  of  the  first  worms.  The  importuice 
of  either  method  is  too  apparent  to  need  further  advocating,  bnt  the  ap- 
parent advantage  disappears  to  a  large  extent  upon  practical  couBidera- 
tiou.  The  gravest  obstacle  is  that  the  concerted  action  of  the  planters 
over  an  extended  area  is  necessary  to  insure  a  decided  success  in  the 
early  application  of  direct  remedies,  the  work  of  the  individual  planter, 
or  even  of  the  majority  of  them,  being  more  or  less  frustrated  if  a  portion 
remain  passive. 

Without  suitable  laws  to  enforce  concerted  action,  there  is  but  little 
prospect  of  making  much  headway  in  the  general  adoption  of  preventive 
measures  of  this  character.  Still  the  individual  planter  would  do  well 
not  to  omit  any  opportunity  to  destroy  either  the  first  moths,  or  the  first 
worms. 

Poisoned  sweets  should  be  placed  at  suitable  localities  on  warm  even- 
ings during  the  earliest  part  of  the  season,  say  from  the  beginning  of 
February  till  the  middle  of  April.  "With  each  female  moth  caught  in 
this  way  the  planter  might  save  a  great  deal  of  the  expense  in  poison- 
ing the  worms ;  anA  not  only  could  Aletia  moths  be  destroyed  in  this 
way,  but  also  other  hibernating  moths,  a  great  many  of  which  are  the 
parents  of  destructive  Cut-worms.  The  poisoning  of  the  first  worms 
requires  knowledgeof  places,  usually  limited  in  extent,  where  they  occur, 
and  this  is  not  always  easily  obtained  in  large  fields.  The  field-hands 
should  be  instructed  to  watch  carefully,  while  cultivating  the  field,  for 
evidence  of  the  work  of  the  first  worms,  and  when  such  places  are  dis- 
covered the  application  of  poison  should  never  be  neglected.  The  pois- 
oning of  limited  areas  where  the  first  worms  occur  requires  but  little 
outlay  of  time  and  money.  The  children  should  be  made  thoroughly 
familiar  with  the  appearance  of  the  worm  and  its  work,  and  should  be 
sent  over  the  field  at  least  once  a  week  during  the  months  of  April  and 
May  in  order  to  discover  the  places  where  the  first  worms  occur.  The 
worms  could  then  easily  be  destroyed  by  hand-picking  or  by  immediate 
application  of  poison. 


^aovGoOt^lc 


A  SMTEM  OP  WASHINGS — FiX8B   THE0BIE8.  127 

A  geDeral  poisooiDg  in  advance  of  the  first  appearance  of  tbe  worms 
has  been  recommended,  hat  it  is  evident  that  there  is  little  to  be  gained 
by  this  method,  first,  oo  accoant  of  the  rapidity  with  which  a  new 
growth  of  leaves  is  made  thns  early  in  the  season;  secondly,  becanse  the 
poiaou  wonld  be  washed  away  after  the  lapse  of  one  or  two  weeks,  and 
much  earlier  in  nn&vorahle  weather;  and,  thirdly,  because  it  is  an  nn- 
neceasary  expense,  since  the  first  worms  appear  only  in  isolated  spotsj 
which  may  he  discovered  by  carefnl  watching. 

COTTOW  WoEM  WiEinHGB. — In  the  more  northern  portions  of  the 
cotton  belt  the  worm  appears  only  after  it  has  multiplied  or  been  very 
bad  in  one  or  several  places  in  the  more  sonthern  portion.  The  impor- 
taBce  to  the  more  norUiem  planter  of  keeping  posted  as  to  the  progress 
of  the  worm  in  the  hibernating  centers  is,  therefore,  evident,  as  he  will 
thus  be  enabled  to  provide  beforehand  the  means  of  destroying  the  peet. 
To  provide  for  and  keep  ap  sach  Cotton  Worm  signahi  and  warnings  is 
a  very  easy  matter  when  compared  with  the  Locust  warnings  in  the 
West.  The  permanent  region  of  the  Locnst  is  the  least  aceessible  and 
least  popnloQS  region  of  the  country,  while  that  of  the  Cotton  Worm  is 
the  richest  and  most  densely  populated  portion  of  the  South,  traversed 
by  numerous  railroads  and  telegraphs,  with  populous  cities  and  an  en- 
terprising press. 

As  ameasnre  intended  to  reduce  the  nomberof  hibernating  moths,  it 
may  he  suggested  that,  as  vast  nnmbers  of  late  chrysalides  are  usuall; 
carried  into  the  gin-honse,  and  as  the  moths  issuing  therefrom  are  so 
likely  to  find  the  requisite  ■winter  protection  there,  the  expediency  of 
removing  and  destroying  these  chrysalides  as  soon  as  possible,  and  of 
not  allowing  them  to  remain  in  the  gin-house  until  they  hatch,  is  ap- 
parent. 

False  theobieb. — ^There  is,  ot  coarse,  no  want  of  theories  regarding 
preventive  measures,  mostly  based  upon  wrong  conception  of  the  nat- 
ural history  of  tJie  insect;  nevertheless,  they  always  find  advocates. 
One  of  these  proposed  measures  is  to  bum,  in  winter  time,  the  old  stalks 
of  tbe  cotton  plants,  instead,  as  is  generally  done  now,  of  breaking  them 
down  in  the-spring,  the  intention  being  to  Itill  the  insect  supposed  to 
be  hibernating  within  the  stalks.  Another  measnre  frequently  recom- 
mended is  to  plow  the  fields  in  winter  time  in  order  to  expose  the  chrys- 
alides, supposed  to  be  in  the  ground,  to  the  rain  and  irost.  The  premises 
being  fitlse,  the  theories  with  their  suggestioDs  are  worthless. 

Another  widely  disseminated  notion  prevails  as  to  the  preventive 
power  of  salt  sown  on  the  field  while  planting  cotton,  or  even  after  the 
plants  are  up.  This  method  has  been  tried  by  reliable  planters,  and, 
as  might  have  been  foreseen,  with  indifferent  results,  the  rows  where 
salt  had  been  used  being  no  less  injured  by  the  worms  than  the  rows 
not  salted.  That  salt  has  a  beneficial  infinence  as  manure  in  certain 
kinds  of  soils  there  can  be  no  doubt,  bat  its  supposed  protective  influence 
is  wboUy  imaginary,  being  based  on  the  vague  notion  that  the  salt  is 
absorbed  by  tiie  plant,  which  is  thns  rendered  distasteful  to  the  worm. 
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BEMESIE8:  MEANS  OP  COPING  WITH  THE   INSEOT:  SUB- 
STANCES USED  FOE  ITS  DESTBDCTIOK. 

la  this  chapter  we  Bhall  treat  of  remedies  agaiDSt  the  insect,  but 
more  particalarly  of  methods  and  priiictplfl8  and  of  substances  that  may 
be  used  for  its  destruction.  Mechanical  contrivances  and  machinei7 
for  the  proper  application  of  the  remedies  will  be  considered  in  subse- 
quent chapters;  for  while  it  is  not  alwayseasy  to  discoss  a  remedy  with - 
ont  ioclnding  the  means  of  its  application,  yet  this  classiflcation  of  the 
matter  of  the  report  has  been  found  most  exi>edient. 

DESTRUCTION  OF  THE  EGOS,  CHBTSAXIDE8  AHS  KOTHS. 

Destruction  of  the  eqos. — The  exact  knowledge  of  the  natural 
history  of  any  injurious  insect  enables  as  to  recognize  its  vulnerable 
points,  and  to  indicate  those  stages  in  which  it  may  be  dealt  with  most 
effectively  and  most  economically.  The  eggs  being  laid  singly  on  the 
under  side  of  the  leaves,  and  being,  moreover,  hardly  perceptible,  fhim 
their  small  size  and  protective  color,  it  is  at  once  apparent  that  every 
attempt  to  mechanically  destroy  them  in  large  numbers  must  be  fruit- 
less. Topping  the  cotton,  as  a  means  of  destroying  the  eggs,  is,  as  we 
have  already  shown,  of  little  avail  at  the  most  critical  period.  Experi- 
enca  has  shown  that  the  vitality  of  the  egg  is  not  destroyed  by  the  ap- 
plication of  a  moderate  qoantity  of  insecticides  of  any  descriptioD.  Mr. 
Stelle  reports  that  "  London  purple  has  destroyed  fuid  prevented  the 
hatching  of  the  Aletia  eggs"  to  which  it  was  applied  three  days  previ- 
ously, and  Qumeroos  experiments  proved  that  kerosrate  also,  when 
brought  in  contact  with  the  egg,  will  destroy  it.  However,  in  order  to 
destroy  ttie  egg,  both  London  porple  and  kerosene  have  to  be  applied  in 
such  quantities  as  to  be  injurious  to  the  plant 

D8STB0OIIOH  OF  THE  OHBYSALtDBS. — The  chrysalis  of  Aletia,  more 
or  less  perfectly  protected  by  leaf  and  web,  afTords  little  chance  lor  its 
suceeBsful  destruction.  The  destruction  by  crushing  or  otherwise  of 
any  chrysalides  observed  early  in  the  season  ought  not  to  be  neglected, 
but  later  in  the  season,  when  they  aboaud,  they  cannot  thus  be  econom- 
ically destroyed.  There  are,  however,  periods  when  the  extensive  de- 
stmction  of  the  chrysalides  would  seem  practicable.  Whenever  a  field 
of  cotton  has  been  defoliated,  the  worms  web  up  thickly  in  the  sur- 
rounding weeds  and  brush,  which  may  then  be  cut  and  burned.  This 
W8 
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mode  of  destmction  woald  be  of  uo  special  or  immediate  benefit  to  the 
planter  who  nndertakes  it,  bat  if  done  generally  in  the  district  defoli- 
ated by  the  worms,  it  vonld  help  to  prevent  the  emigration  of  the  moths 
to  other  regions,  or  if  done  late  in  the  season  it  wonld  lessen  the  nntn- 
ber  of  hibernating  moths. 

Destruction  op  the  Moth. — Easy  as  it  may  seem  to  prevent  the 
mischief  done  by  the  worms,  by  trapping  or  otherwise  hilling  the  parent 
moth,  and  notwithstanding  the  fact  that  one  method  of  attracting  them 
has  been  known  and  nsed  for  very  many  yeara,  and  that  another  method 
of  doing  BO  has  been  more  recently  discovered,  yet  the  resnlts  that  have 
followed  the  attempts  to  destroy  or  eztermiuate  the  moths  by  these 
methods  are  not,  as  a  mle,  enconraging.  Tbe  nnsatisfactory  resolts  may 
be  attribnted  to,  Jlr»t,  lack  of  concerted  action;  and,  second,  delayed 
attempts  to  kill  antil  tbe  moths  had  already  become  too  namerons  and 
tbe  worms  had  done  considerable  damage. 

It  has  already  been  remarked,  with  regard  to  the  first  point,  that  con- 
certed actionover  the  whole  cotton-growing  country  cannot  be  expected ; 
but  if  the  planters  in  those  more  or  less  limited  districts  that  are  known 
as  the  distribnting  centers  of  the  insect,  or  even  in  those  particular 
spots  where  the  worms  appear  and  reappear  year  after  year,  woald  make 
earnest  effort,  at  the  right  time,  to  trap  and  kill  the  motlis,  there  is  lit- 
tle doabt  bnt  that  the  excessive  increase  of  tbe  insect  would  be  either 
retarded  or  prevented.  If  this  pest  is  saffered  to  increase  until  the 
thiFLl  or  fourth  generation,  any  attempt  to  lessen  the  number  of  worms 
by  killing  tbe  moths  will  necessarily  prove  fbtile.  To  make  this  method 
of  preventing  injury  of  any  avail,  action  mnst  be  taken  earli/  in  the 
season.** 

LigkU  for  attraeting  the  Moth, — That  the  moth  is  attracted  by  light 
is  an  old  and  well-known  &ot,  and  in  the  days  of  slavery  tbe  only 
remedy  generally  osed  by  planters,  besides  the  hand-picking  of  the 
worms,  was  to  light  large  fires  in,  or  have  bnruing  torches  earned 
throngh,  the  fields  at  night.  It  is  impossible  to  say  at  the  present  time 
whether  or  not  these  efibrts  were  snccessfhl,  but  it  remains  a  certainty 
that  in  '■  worm  years  "  the  progress  of  the  ravages  was  never  pre- 
vented by  such  means.  It  is  almost  needless  to  remark  that  in  those 
days,  as  in  the  present,  such  means  wore  generally  resorted  to  when  the 
moths  had  become  qaite  namerons,  and  when,  therefore,  no  saccess 
was  to  be  expected. 

Special  fires  intended  for  this  parpose  were  generally  made  of  diy 
wood  placed  npon  earth  elevated  on  platforms.  While  for  the  reasons 
here  given  we  have  little  faith  in  the  utility  of  such  means  at  any  other 
season  than  early  spring,  yet  the  practice  of  cleaning  the  fields  of  all 
rubbish  and  old  stalks  by  making  large  bonfires  in  winter — a  practice 
that  prevailed  before  tbe  war,  bat  which  has  been  largely  abandoned 
since — Is  greatly  to  be  commended  on  general  grounds. 

It  baa  been  toxmd  tronbleeome,  and,  in  some  parts  of  the  oonntry,  even 
63  CONQ 9 
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expensive,  to  beep  ap  large  fires  during  Uie  wbdle  or  greater  part  of 
the  night;  and  during  the  last  decade  a  great  many  lamps  have  been 
infented  to  take  the  place  of  fires.  A  lamp  ia  more  effective  in  attract- 
ing the  moths  than  is  a  large  open  fire;  for  the  heat  and  smoke  of  the 
latt«r  scare  away  great  nnmbers.  Where  lamps  are  employed  there 
mnst  be  connected  with  them  devices  to  kill  the  moths  thatare  attracted 
by  the  light,  and  snch  killing  is  best  accomplished  by  placing  the  lamps 
in  pans  filled  with  various  snbstanoes  of  a  sticky  or  destmctive  nature. 

Doling  the  earlier  part  of  the  sammer  of  1S79  exteosive  experiments 
were  made  by  Mr.  Sehwarz  at  Colambns,  Tex.,  to  test  the  efficacy  of 
lamps.  Thoagh  it  vas  already  too  late  in  the  season  to  check  the  in- 
crease of  the  insect,  some  of  the  results  are  not  witbont  interest.  The 
unmber  of  moths  nightly  killed  by  a  single  lamp  varied  very  mach  ac' 
«ording  to  its  location,  bnt  averaged  not  more  than  six  specimens  intbe 
latter  pari;  of  Jane,  the  nnmber  increasing  rapidly  daring  thenext  month. 
It  was  also  fonnd  that  these  lamps  attract  and  kill  an  immense  niunber 
<^  other  insects.  Among  these  are  many  it^nrious  insects,  as  HeliothU 
cmigtra  {the  parent  of  the  Boll  Worm),  which,  by  the  way,  appears  to 
foe  more  readily  attracted  than  the  Cotton  Moth,  and  several  species  of 
Mqy -beetles  {Laeknostema)  and  others;  bat  also,  anfortonately,  large 
Dombers  of  the  natural  enemies  of  the  Cotton  Worm,  as  the  noctamal 
Tiger-beetles,  Gronnd-beetleB,  and  some  of  the  Heteroptera  already  men- 
tioned. Above  all,  it  was  fonnd  that  the  moths  were  not  prevented  from 
ovipositing  even  in  the  immediate  vicinity  of  the  lamps,  and  that  on  the 
fields  where  the  lamps  had  been  used  there  were  no  less  eggs  deposited 
than  on  those  wherenolampshad  been  kept  barning.  It  becomes  qaes- 
tionable,  therefore,  whether  the  lamps  are  not  more  prodactive  of  harm 
than  good,  especially  at  times  when  the  moths  are  namerons.  However, 
if,  as  is  doubtless  the  case,  the  hibernating  moths  fly  about  early  in 
the  spring,  then  this  will  be  the  best  time  to  nse  lamps  in  places  where 
the  moths  have  been  seen  flying,  as  in  the  vicinity  of  gin-hoases,  &c. 
In  the  month  of  March  aad  In  the  earlier  part  of  April  they  should  be 
placed  at  those  spots  in  the  fields  where  the  first  worms  have  been  ob- 
served in  prevtons  years. 

Daring  the  month  of  March,  1S82,  we  instmcted  Mr.  Eoebele,  then 
at  Archer,  Fla.,  to  try  on  several  successive  nights  to  attract  the  moths 
by  lights.  Though  freshly  deposited  eggs  were  constantly  fonnd  at  this 
season,  and  it  was  certain,  therefore,'  that  the  hibernated  moths  were  fly- 
ing aboat,  yet  not  a  single  specimen  was  attracted  by  the  lamps.  This 
resalt  is  certainly  not  euconraging,  but  it  mast  be  remembered  that 
success  in  this  method  of  collecting  largely  depends  on  locality,  on  the 
state  of  weather,  and  on  other  conditions. 

Experiments  made  under  oar  direction  have  proved  tbatdarinjj  moon- 
light nights  fires  or  tamps  have  bat  little  attraction  fcr  the  moths,  and, 
fiicther,  that  bettor  resalts  are  obtained  before  than  after  midnight. 

The  only  instaace  ^th  which  we  are  familiar  where  lamps  (those  made 
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bir' Colonel  Lewis  and  described  in  Chapter  SHI)  have  been  used  on  a 
snfficieiitly  large  scale  to  fnlly  test  the  efScacy  is  that  aroond  Heame, 
Tex.,  in  1878.  Over  1,000  lamps  were  ased  Id  that  vloinity  daring  a 
period  of  several  weeks,  and  while  it  was  tme  that  cotton  was  not 
iqjiired  that  year,  the  same  was  equally  tme  throoghoat  that  whole 
section  of  the  ooaDtry ;  bo  tliat  it  was  impossible  to  draw  any  satisfiao* 
toty  conelasions.  Still,  where  they  were  used  pretty  extensiTely  in 
1879  they  did  not  prevent  final  injury  to  the  eotton,  and  where  bat  a 
few  are  osed  in  some  partionlar  fields,  It  is  nndonbtedly  true,  and  in  ac- 
cordance with  general  experience,  that  more  harm  than  good  ensoes  to 
the  indlTidaai  using  them — the  moths  being  aUnred  from  other  fields 
and  treqaently  laying  their  eggs  before  perishing.  The  worms  are,  con- 
aeqnently,  often  more  nnmerons  at  such  centers  than  dsewfaere. 

At  the  Atlanta  Exposition  Hotel,  f  n  the  antomn  of  1881,  these  moths 
swarmed  in  myriadtt  about  the  electric  lights  ontside  of  the  bniJding. 
Beneath  these  the  ground  was  strewn  with  dead  moths,  and  a  quart  of 
them  wonld  often  accamulate  daring  a  single  night  in  the  glass  globe 
surrounding  each  light.  It  is  to  be  inferred  that  the  more  brilliant  the 
light  is  the  iarther  will  it  attract,  aud  the  less  heat  it  exhibits  the  closer 
will  the  moth  approach.  On  these  accounts  electric  lights  may  be  the 
best,  and  probably  the  calcinm  lights  and  gaslights- will  rank  m-zt ;  but 
at  present  these  are  generally  not  economically  applicable  fbr  field  use. 
In  general  a  kerosene  lantern  will  be  found  most  convenient. 

the  whitish  fiames  give  as  good  results  as,  and  probably  better  results 
than,  colored  fiames.  There  is  not  satisfactory  evidence  that  these  in- 
sects take  cognizance  of  the  qoalities  of  the  light,  but  its  degree  of  in- 
tensity seems  to  be  a  more  important  consideration.  Movement  of  the 
light  has  long  been  recognized  as  enhancing  the  chances  of  capture. 
These  facte  came  to  light  with  the  practice  of  carrying  torches  between 
the  rows  and  at  the  same  time  agitating  the  plants.  In  Louisiana  and 
Arkansas  we  were  informed  that  parties  of  several  persons  abreast  have 
gone  through  the  fields  in  this  way,  and  claimed  that  the  moths  were 
tbas  snccessftilly  destroyed.  Probably  this  method  was  observed  also 
in  Texas,  as  the  portable  lamp  or  torch  machines  of  Le  Blanc  and  Ford- 
tran  appear  as  thongh  they  might  have  been  suggested  by  it.  The  noc- 
tamal  labor  and  the  machinery  required  prevent  these  methods  from 
becoming  popular. 

The  various  kinds  of  trap  lanterns  which  have  been  invented  will  be 
described  and  figored  in  Ohapter  XIII. 

Poisoned  8w>eetg  and  Fluidt  cu  Mean$  of  dettroging  the  Moths. — It  has 
long  been  known  that  the  Cotton  Moth,  like  most  of  the  other  species 
of  its  fhmily,  has  a  great  fondness  for  sweets.  Southern  writers  upon 
the  insect  repeatedly  mention  the  fact  that  the  moth  is  nnmeronsly  at- 
biMsted  by  barrels  or  other  vessels  containing  molasses,  by  sugar- vats, 
&c. ;  while,  as  we  have  already  seen  (p.  11),  it  is  very  fond  of  most  ripe 
frnitB.    The  second  peach-crop  very  often  sufiers  materially  tlrom  the 
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attacks  of  these  moths,  as,  by  means  of  the  spiDoos  tip  of  their  toDgoe, 
tb^  literally  work  throngh  the  skin,  enck  cat  the  jniceii,  and  excavate 
large  holes.  Figs  and  meloos  ate  often  injured  in  the  same  way ;  in- 
deed, it  is  almost  impossible  to  raise  some  of  the  fleer  varieties  of  flgs  if 
these  motbs  are  abnndant. 

There  was  some  hope  of  beneficial  results  being  obtained  by  ncdi^ 
baits  that  woald  prove  at  the  same  time  attractive  and  destmctive  to 
the  moths,  since,  if  we  kill  the  parents,  we  prevent  the  iiyary  by  their 
progeny.  Taking  advantage  of  the  fondness  of  the  moths  for  sweet 
■nbatances,  many  i>lanters  have  been  in  the  habit  of  breaking  open  ripe 
watermelons,  sprinkling  tfaem  with  Paris  green  or  arsenic,  and  deposit- 
ing them  in  cotton  fields.  Yerj-  good  results  have  followed,  so  far  as  the 
destmetion  of  the  motbs  is  concerned;  and  It  is  a  little  surprising, 
viewed  with  the  preconceived  notions  of  entomologists,  that  compar- 
atively coarse  substances  like  these  minerals  should  be  sucked  ap 
through  the  proboscis. 

A  number  of  experiments,  with  a  view  of  testing  the  most  attractive 
as  well  as  the  most  deadly  substances,  have  been  made  in  various  pacts 
of  the  cotton  belt  during  the  past  few  years  under  oar  direction.  Bipe 
peaches  dusted  with  arsenic  or  drenched  with  a  solution  of  arsenic  and 
dried  xveaches  moistened  with  vaCer  and  poisoned  in  tbe  same  way,  were 
placed  in  boxes  on  the  ground  in  the  fields.  On  examining  the  boxes 
tbe  next  morning,  several  dead  moths  were  found  in  those  containing 
the  fresh  peaches,  but  none  in  those  with  the  dried  ones.  Experiments 
with  a  mixture  of  molasses  and  rum,  or  vinegar,  or  beer,  poisoned  with 
a  small  qaantity  of  arsenic,  Paris  green,  London  purple,  or  cyanide  of 
potassinm,  and  smeared  on  the  trunks  of  trees,  or  on  fence  poles  near 
cotton  fields,  or  again  on  tbe  leaves  of  tbe  plants,  also  proved  that  a 
nnmber  of  moths  may  be  killed  in  this  way,  thongh  it  is  difQcnlt,  if  not 
impossible,  to  get  at  the  exact  number,  since  many  fly  away  before 
dying.  The  mfxtare  of  molasses  and  beer  seems  to  have  the  greatest 
attractiveness,  and  the  virtue  of  all  tbese  mixtnresfor  this  purpose  m^ 
be  enhanced  by  the  addition  of  the  essence  or  flavoring  extracts  of 
certain  fruits,  as  peaches  and  apples.  Kone  of  tbese  mixtnies  are  as 
attractive,  however,  as  the  fruits  themselres,  or  even  as  watermelons. 

The  liquids  may  be  employed  not  only  by  smearing  in  the  manner  set 
forth,  but  also  in  shallow  tin  pans  or  vessels  placed  in  the  fields  npon 
pedestals,  as  in  the  case  of  the  lamps  to  be  described.  Where  such 
pans  or  other  vessels  are  used  there  shoald  be  a  wooden  lattice-work 
made  to  float  on  the  liqnid,  so  that  the  moths  may  reach  it  without 
drowning,  and  tbns  be  able  to  get  away  to  perish  elsewhere  and  make 
room  for  others.  These  liquids  are  frequently  used  in  wide-mouthed 
bottles  distributed  over  the  fields.  One  genenil  rule  should  be  observed 
in  the  employment  of  tbese  liquids  and  poisons.  It  is  that  they  be 
placed  in  tbe  field  only  abont  sunset,  and  not  allowed  to  remain  during 
the  day;  otherwise,  more  beneficial  than  tqjarioas  insects  are  actoally 
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allured.  The  smearing  lias  the  advantage  over  tbe  use  in  pans  and  bot- 
tles, in  that  fevec  beneficial  iiiaects  are  destroyed. 

We  cannot  say  that  these  experiments  have  led  us  to  be  in  any  way 
sanguine  of  sabstantial  benefit  flowing  from  this  mode  of  killing  the 
moths  in  the  aatomn,  which  is  the  season  when  they  are  most  easily  so 
destroyed,  for  they  do  not  seem  to  care  much  for  sach  baits  except  when 
they  cannot  get  their  more  natural  food  in  the  shape  of  saccharine  ex- 
ndatioDB.  The  fact  that  early  or  summer  ripening  peaches  are  not  m- 
jored — a  fact  that  is  well  attested  by  many  correspondents — also  indi- 
cates that  the  moths  do  not  care  so  much  for  fruits  even,  so  long  as  they 
can  obtHin  nourishment  in  the  cotton  fields,  and  so  long  as  they  are  not 
coDgregating  in  nnmbers. 

Experiments  made  in  the  summer  season  with  these  artificial  baits  in- 
dicate that  a  much  smaller  percentage  of  moths  is  allured  thereto,  and 
while  there  can  be  no  question  of  our  ability  to  kill  a  certain  number  in 
this  manner,  it  woold  prove  a  most  expensive  remedy  if  ased  on  a  snffi- 
cieotly  large  scale  to  materially  reduce  then-  nnmbers.  In  tkct,  we  have 
become  convinced  that  there  is  very  little  use  in  attempting  to  destroy 
the  parent  moth  in  the  latter  part  of  the  season.  In  what  has  been  pre- 
vioosly  said  on  the  natural  history  and  the  hibernation  of  the  species, 
it  has  been  made  pretty  clear  that  the  great  bnlk  of  the  moths  are  nat^ 
urally  destined  to  perish  in  any  event,  so  that  the  labor  is  lai^ly  thrown 
away. 

Until,  therefore,  we  discover  some  baits  that  shall  bare  a  greater  at- 
traction for  the  moths  than  the  natural  sweets  they  feed  upon,  there  is 
little  to  expect  from  this  mode  of  warfare.  There  is  a  season,  however, 
when  the  use  of  these  baits  is  strongly  to  be  recommended,  and,  oddly 
enongh,  it  is  the  season  when  nobody  thinks  of  using  them.  It  is  in  this 
as  it  is  with  the  lights;  the  greatest  good  will  result  from  attracting 
and  destroying  the  first  moths  in  spring  after  they  issue  from  their  win- 
ter Quarters.  Every  female  killed  at  that  season  is  equivalent  to  the 
destruction  of  several  hundred  worms  later  in  the  season;  whereas  not 
one  in  a  tbousand,  and  perhaps  not  oue  in  a  hundred  thousand,  of  the 
Moths  killed  in  autumu  would,  in  the  natural  course  of  events,  have  sur- 
vived to  beget  progeny.  Concerted  action  is  just  as  necessary  here  as 
in  the  n»e  of  lamps. 

As  it  has  been  proven  beyond  doubt  that  sweets  poisoned  with  Paris 
green  or  London  purple  do  not  lose  their  attractive  power  to  the  moth, 
and  that  such  poisons  are  taken  up  by  the  moth,  it  appeared  most  de- 
sirable to  poison  the  glands  on  the  cotton  plant,  which,  as  we  have 
seen,  furnish,  with  their  saccharine  secretion,  one  of  the  prineipal  food 
supplies  of  the  moth.  Experiments  on  plants  covered  with  netting,  and 
others  kept  in  breeding  cages,  made  it  certain  that  the  moth  can  be 
killed  by  poisoning  the  under  side  of  the  leaves,  the  moths  feeding  on 
the  poisoned  glands.  So  long,  however,  as  there  were  no  means  known 
to  apply  the  poison  from  below,  this  plan  could  not  be  adopted ;  but, 
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as  the  perfected  macbinefl  anpply  this  want,  ve  may  jasUy  expect  £bat 
the  efScaoy  of  the  arsenical  poisoDB  is  conaiderably  increased  by  the  <lo- 
Btmction  of  many  Moths  before  these  have  deposited  their  eggs. 

Finally,  in  tiiis  connectioo,  we  wonld  mention  a  theory  or  proposed 
remedy  by  Dr.  J.  Lnptoo,  of  Winchester,  Frederick  Coanty,  Yirgioja. 
Soticing  that  the  Bee  Moth  was  more  attracted  to  a  flold  sweetened  uid 
flavored  £rom  tbe  hive  than  to  any  other  kind,  he  conceived  the  id^a 
that  the  Cotton  Moth  would  also  be  most  attracted  by  sweetened  water 
which  was  flavored  with  tbe  braised  leaves  of  the  cotton  plant.  Prof. 
H".  T.  Lnpton,  ofVanderbilt  University,  Nashville, made  an  experiment 
in  1872  which  seemed  to  indicate  that  the  liquid  thos  prepared  with 
cotton  leaves  had  the  greater  attractiveness  for  the  moth  as  compared 
with  ordinary  molasses  and  water,  and  being  anxious  to  decide  theqaes- 
tion  we  took  pains  to  have  the  proposed  remedy  fiilly  tried. 

We  qnote  from  Mr.  Schwarz's  report  the  following  accoont  of  experi- 
ments made  by  Mr.  Patton  and  himself  at  Selma  on  tiie  attractive  power 
of  tbe  cotton-leaf  e 


In  accordance  with  yoiir  iuBtniotioDB,  I  gathered,  while  at  Selma,  Ala.,  a  qnantlt; 
of  freah  cotton  Icares.  From  ahont  8  ponnda  of  these  leaves  one  pound  of  alooholia 
eztraot  was  obtained,  and'finiiii  another  lot  of  leaves  a  simple  decoction  wae  made. 

Daring  the  flrel  week  of  October  there  appeared  to  be  a  good  opponooit;  for  oxperi- 
menting,  aa  the  OTeaings  wen  warm  again  (aftei  a  preceding  cold  spell),  and  as  tbe 
moths  began  to  hatch.  On  October  B  and  9  I  "ingated,"  in  company  of  Hr.  Wm.  H. 
Patton,  a  onmber  of  trees,  f^ce  hoaida,  and  posts,  in  a  favorable  locality,  with  the 
foljowiug  BnbstanceB ; 

1.  Hixtnre  of  molaaaea  and  beer. 

2.  Uixture  of  molasses  and  extract  of  cotton  leaves- 

3.  Extract  of  cotton  leaves  aloue. 

Caie  was  taken  to  apply  eaoh  mixtnie  an  eqnal^  &vorable  places,  or  at  least  on 
plWes  which  appeared  to  ns  equally  fovoralile.  The  result  was  as  follows:  A  vtoj 
lai^  nnmber  of  Noctnidn  was  attracted,  eapeoially  on  the  first  evening,  when  theie 
was  no  wind,  bnt  Aletia  was  by  do  means  the  most  nnmeroDS  apeciee  among  them, 
being  tbe  third  in  rank. 

The  places  sagared  with  No.  3  proved  decidedly  less  attractive  than  the  othen, 
tuidonly  afbwmothsof  all  species  were  fbnndat  tbem.  Tbe  probable  reason  OiBreof 
le  that  the  extract  evaporates  too  qniekly  without  addition  of  a  sticky  snbetam:eL 
At  the  places  angared  with  Nos.  1  and  S,  70  Aletias  were  captnred,  50  on  the  flnrt,  and 
SO  on  the  second  evening.  The  latter  were  Just  eqnally  divided  between  mixtnres  1 
andS,  bnt  of  the  50  Moths  on  tbeflrat  evening  there  wasa  decided  difference  in  &vor 
of  mixture  No.  2,  30  Moths  beEng  found  attracted  by  the  molasses  and  cotton-loaf  ex- 
tract, and  only  20  by  molasses  and  beer.  There  were  12  places  sugared  with  Nob-  1 
and  S,  six  with  eaoh  miztnie.  Foot  of  these  proved  to  be  not  attractive  at  all  to  ths 
moths,  the  remaining  being  more  or  lees  attreotiTO.  Bnt  one  fence-poet,  angared 
with  No.  S,  proved,  by  far,  more  attractive  than  the  rest,  and  it  was  this  spot  alone 
which  made  the  difference  in  favor  of  No.  2,  the  nmnher  of  motbs  collected  on  the 
other  places  being  remarkably  eqaaL  I  have  no  donbt  that  liad  this  fence-poet  b^en 
sngared  with  No.  1  the  difference  would  have  been  in  favor  of  No.  1.  My  opinion, 
therefore,  is  that  the  attractivenesB  of  sweets  is  not  increased  by  the  addition  of  e(»t- 
ton-leaf  extract,  and  that  SQch  extract  alone  has,  to  say  the  least,  not  a  greater  attiso-' 
live  power  than  other  sweets. 

I  intended  to  test  the  cotton-leaf  decoction  on  one  of  the  next  evenings,  hat  the 
weather  continued  to  be  oold  nntil  my  departure  firom  Belma. 
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That  decootjoos  or  extracts  firont  cotton  leaves  slionld  prove  attra«- 
tive  to  the  motJiB  was  to  be  expected,  since  they  contaiii  a  great  dea] 
of  saccbariDe  matter;  bat  from  the  comparatiTe  experiment  qnoted 
above  and  from  the  established  fact  that  the  moth  is  iDdigerimiuately 
attracted  by  all  sorts  of  sweets,  we  are  constrained  to  believe  that  Hr. 
Lopton's  theory  has  no  more  praotical  valae  than  the  other  plans  men- 
tioned above  to  attract  the  moth. 

From  the  experienoe  gained  since  the  beginning  of  this  Cotton  Worm 
investigation  we  have  come  to  the  conclnsion  that  of  the  two  methods 
to  kill  the  moth,  that  of  alloring  it  to  poisoned  sweets  appears  by  &z 
preferable  to  any  of  the  lamp  traps  that  have  been  recommended.  In 
combating  this  peat  it  would  be  unwise,  however,  to  rely  solely  upon 
any  attempt  to  kill  the  moth.  The  principal  effort  of  the  punters  tthould 
be  directed  toward  killing  the  worms  j  yet,  considering  the  cheapness 
and  effectiveness  of  killing  Qie  moths  by  poisonoos  sweets,  any  judicions 
and  timely  attempt  in  this  direction  is  well  worth  trying.  Whether  or 
not  the  hibernating  moths  can  be  attracted  to  poisoned  sweets  daring 
mild  evenings,  in  winter  or  early  spring,  we  are  not  prepared  to  say. 
There  has  not  been  much  opportunity  to  settle  this  qaestion  by  con- 
tinnoos  experiments  made  at  tiie  right  place  and  at  the  right  season, 
and  &om  the  fkilnre  of  a  few  isolated  attempts  it  wonld  be  nnjost  and 
prematnre  to  draw  general  conclusions. 

The  recommendation  to  nse  white  rags  in  the  field  has  fluently 
been  made  in  the  Sonthem  papers,  on  the  supposition  that  the  female 
motii  is  attracted  to  snoh  rags  and  will  lay  her  eggs  thereon.  We  know 
not  how  this  idea  originated,  but  so  £u-  as  we  are  able  to  learn  it  is  one 
of  the  many  &llaoies  that  have  prevailed  regarding  the  habits  of  the 
insect. 

HECHASICAL  XSAHB  OF  EILLIVQ  THE  W0B1I& 

Even  in  a  very  thickly  settled  countiy,  and  with  the  employment  of 
hnndreds  of  hands,  it  would  be  next  to  impossible  to  save,  in  the  height 
of  the  season,  a  large  cotton-fleld  &om  destrnction  by  simply  collecting 
the  worms.  In  our  Southern  States,  where  field  labor  is  at  present  by 
no  means  abundant,  picking  off  the  worms  when  they  are  in  destructive 
force  in  large  fields  is  oat  of  question,  and  can  be  profitably  resorted 
to  only  on  small  patches  &vorably  situated.  Yet  it  is  comparatively 
easy  and  requites  but  litUe  time  and  a  small  force  to  thns  destroy  the 
worms  of  the  first  generation,  thongb  it  cannot  be  denied  that  poison* 
ing  the  places  where  the  first  worms  have  been  observed  would  be  &r 
more  safe  and  economical  than  hand-picking.  If,  therefore,  the  planter 
care  to  stimulate  the  efforts  of  children  or  field  bands  to  find  the  first 
worms  by  offering  some  reward,  it  shoold  be  given  for  the  discovery  of 
the  spot  where  the  worms  occur,  and  not  for  the  capture  of  every  worm 
op  to  a  certain  date. 

It  has  been  provra  by  experience  tiiat  every  means  by  which  the 
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worms  can  lie  disturbed  and  knocked  down  or  brosbed  off  from  the 
plauts  has,  to  some  extent,  a  beneficial  Infiuence  id  lesseniug  the  num-  ' 
ber  of  the  worms,  the  explanation  being  that  once  on  the  ground  they 
can  be  crushed  in  some  way  or  tliat  they  are  very  liable  to  the  attacks 
of  the  ants.  In  very  hot  and  dry  weather  the  kDocked-off  worms  are 
veiy*  often  unable  to  regain  the  plant,  and  perish  on  the  hot  soil.  Thus, 
frequent  cultivating  and  working  of  the  cotton  will  have  some  benefi- 
cial effect  in  this  regard,  and  a  number  of  coutiivancea  have  been  sug- 
gested to  expedite  this  mechanical  method  of  killing  the  worms.  One 
of  the  best,  in  the  words  of  Dr.  J.  D.  Hoyt,  of  Livingston,  Alu.,*  "  is  to 
drag  something  like  a  piece  of  eotton-bagging  along  over  the  rows  of 
cotton,  forward  and  back,  which  may  be  long  enough  to  extend  across 
several  rows,  and  having  short  lines  attached  to  one  edge,  a  little  lar- 
tber  apart  than  the  w^idth  of  the  rows,  and  a  hand  at  each  line,  and  all 
abreast  pass  along  between  the  rows,  and  then  back ;  when  the  brush- 
iug  and  shaking  of  the  stalks  by  the  bagging  will  clear  the  cotton 
mostly  of  the  worms.  In  this  way  a  set  of  hands  can  go  over  their  crop 
iu  a  day  or  two,  when  they  should  retom  to  the  beginning  and  go  over 
again,  and  continneso  doing  as  long  as  nnynnmberof  worms  are  fonnd 
on  the  stalks."  At  beat,  however,  only  a  portion  of  the  worms  are 
knocked  off,  for  no  amonut  of  shaking  or  brushing,  even  when  violent 
enough  to  injure  the  plants  and  knock  off  the  bulls,  will  dislodge  all  che 
worms,  and  particularly  will  not  disturb  most  of  the  young  ones. 

As  this  subject  will,  however,  be  treated  of  in  its  proper  place  in 
Chapter  XIII,  we  will  pass  at  once  to  the  consideration  of  the  sob- 
stances  which  may  be  employed  against  the  worm. 

Foisoirnro  the  works. 

MINERAL  IS8ECTICIBE8. 

With  the  introduction  of  mineral  poisons  for  the  destruction  of  the 
worms  a  new  impetus  was  given  to  the  invention  of  machines  and  con- 
trivances for  the  api>lication  of  these  poisons  either  a^  powder  or  in 
water.  The  large  number  of  snch  inventions  that  have  been  iwrfcctcd, 
and  the  activity  still  displayed  in  adding  improvements,  furnish  evi- 
dence that  this  poisoning  of  the  worms  has  so  far  proved  most  satis- 
factory in  protecting  the  crop.  The  fact  is  that  a  judicious  and  timely 
application  of  the  best  poison  will  always,  even  under  uiil'iivomble  con- 
ditions and  in  bad  "  worm  yearn,"  enable  the  eneigetic  planter  to  save 
at  least  the  large'r  portion  of  bis  croi>. 

The  progress  in  improving  the  quulity  of  the  insecticides  already  in 
nse,  and  tbe  discovery  of  new  and  more  effectual  ones,  is  slower  than 
the  invention  and  improvement  of  machinery,  because  of  tbe  numeroiis 
difficultiea  in  thoroughly  testing  any  remedy  in  the  field,  the  most  seri- 
ous beingthe  great  susceptibility  of  the  cotton  plant  toiiijury  by  some  of 
*PKietlo«lHod««or  DMlroyliiftheCottaii  Woimi  APrlMSu^.    Selma,  Al>.,  1874. 
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12ur>moet  effective  insecticides.  Still,  ooQBiderable  progress  has  been 
made  siaoe  the  investigation  l>egan.  The  improvements  and  discover- 
ies will  not  only  greatly  benefit  tlie  cottoD-plaDter,  bat  the  agricultur- 
ist Id  all  parts  of  the  country,  since  many  of  the  discoveries  are  of  gen- 
eral applicatiou  to  most  of  our  leaf-eatiog  insects. 

The  most  important  point  to  be  insisted  npon  is,  that  the  planter  in 
the  southern  portion  of  the  belt  shonld  consider  the  poisoning  of  the 
worms  as  Inseparably  connected  with  and  part  of  the  cnltivatiou  of  cot- 
ton. So  many  days'  labor  in  the  year,  and  a  certain  expenditure  of 
money  to  purchase,  prepare,  and  apply  the  poisons,  and  to  buy  and  keep 
in  repair  the  requisite  machinery,  are  inevitable.  In  a  very  favorable 
season  the  poisoning,  it  is  true,  may  not  be  necessary,  but  experience 
very  plainly  indicates  that  no  year  now  passes  when  the  worm  is  not  in- 
jnrions  in  some  part  of  the  cotton  belt.  Gases  of  complete  or  compara- 
tive immunity  occur  almost  every  year  even  in  the  hibernating' por- 
tion of  the  cotton  belt,  but  as  they  depend  on  locally  restricted  condi- 
tions, the  planters  ought  never  to  rely  npon  them.  It  ought  never  to 
be  forgotten  that  labor  and  money  expended  in  a  judicious  application 
of  poison  are  always  amply  repaid  by  a  corresponding  increase  of  crop. 

The  various  insecticides  now  be  considered  are  divisible  into  two 
classes;  first,  those  which  act  through  the  stomach — the  arsenical  poi- 
sons, and  some  allied  ones ;  secondly,  tbose  which  kill  the  worm  upon 
actual  pontact,  such  as  oily  substances  and  pyrethrum.  A  vast  num- 
ber of  other  sabstances  cannot  at  present  be  broaght  nnder  these  two 
heads,  as  they  are  still  in  the  experimental  stage,  and  many  of  them 
will,  DO  doubt,  npon  further  experimentation,  be  altogether  rejected  as 
of  Uttle  or  no  value.  The  action  of  the  poisons  of  the  second  class  is 
immediate,  but  not  lasting,  the  substances  being  more  or  less  volatile ; 
whereas  the  poisons  of  the  first  class  have  no  immediate  effect,  but  their 
action  is  lasting. 

This  difference  in  character  requires  some  modifications  in  the  prac- 
ticfil  application.  The  greater  the  adhesiveness  given  to  the  poisons  of 
the  first  class,  without  injury  to  the  plant,  the  better;  while  in  tbe 
poisons  of  tbe  second  class  no  snoh  precaution  is  necessary.  The  nse 
of  arsenical  poisons  has  the  advantage  that  only  the  enemies  of  the 
plants  are  killed  directly,  though  the  killing  of  birds  and  other  enemies 
of  the  worm,  by  eating  it  when  poisoned,  has  occasionally  been  reported. 
Tho-^e  insecticides  that  affect  by  contact,  on  the  other  hand,  kill  friend 
and  foe  alike.  Other  relative  advantages  and  disadvantages  will  be 
pointed  out  fbrther  on. 

It  is  very  evident,  from  the  habits  of  the  worms,  as  already  detailed, 
that  the  poisons  of  either  class  will  prove  most  satisfactory  if  applied 
to  the  under  side  of  tbe  leaves ;  and,  aa  we  shall  see  in  the  chapter  de- 
voted to  it-,  the  recently  invented  machinery  overcomes  the  obstacles 
which  were  formerly  in  the  way  of  such  application.  The  importance 
of  an  early  application  of  poison  has  already  (p.  126)  been  poiuted  out. 
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Finally,  too  mach  atreaa  cannot  be  laid  on  the  importance  of  liaving 
the  niat«iiala  ready,  prepared  in  advance,  or.  on  their  uee  as  soon  aa  the 
eggs  or  youDg  worms  are  ootioed.  It  is  too  often  the  liabit  to  waitantil 
the  plants  begin  to  be  "ragged"  before  attempting  to  poison.  The 
oiieration  is  aJways  more  coiitif  and  unBatiafactory  at  this  period,  and 
there  is  danger  that^  with  the  most  strenuous  efforts,  irreparable  dam- 
age vill  bo  done  before  all  the  cotton  is  gone  over.  It  otlen  happens, 
nAao,  since  the  same  influences  cause  the  maltiplication  of  the  worms 
over  pretty  large  areas,  that  a  sudden  and  general  demand  for  the  poi' 
sons  bjthosewho  have  not  preTioasl;  laid  in  a  stock  increases  the  pric« 
or  exhausts  the  market,  60  that  many  are  left  without  hope  of  saving 
their  crop. 

ASaEWIOAIi  OOKPOVSOa. 

Arsenical  compooods  have  the  acknowledged  disadvantage  of  being 
dangerous  to  man  and  beast.  Some  writers,  taking  a  most  narrow  and 
theoretical  view  of  the  subject,  bitterly  object  to  their  use  on  the  score 
of  their  dangerous  character,  exaggerating  in  their  enthusiasm  the  in- 
jury that  has  resulted  from  their  ose.  Not  only  hondreds  of  tons,  bnt 
thousands  of  tons  of  these  mineral  poisons  have  been  employed  during 
the  past  decade  by  farmers  throughout  the  coautry,  whether  to  protect 
the  potato  crop,  or  the  cotton  crop,  or  other  products  of  the  soil  fh>m 
tlie  ruinons  attacks  of  insects.  The  general  experience  daring  this  long 
period  and  over  the  whole  country  is  so  emphatically  in  iavor  of  their 
use  and  their  perfect  safety  and  harmlessness,  with  ordinary  precau- 
tions, as  to  render  almost  langhable  the  objections  of  the  few  persons 
referred  to.  "So  advancement,  no  improvement,  no  general  benefit  to 
the  bumao  race  is  ever  aooomplisbed  without  some  attendant  danger, 
and  those  who  inveigh  against  such  improvements  as  increasing  the 
risks  to  life  stand  on  the  same  footing  as  the  opponents  to  arsenical 
poisons  as  insecticides.  It  is  a  noteworthy  foct  that,  since  we  have  been 
pursuing  this  cotton  insect  investigation,  not  a  single  fatal  case  of 
human  poisoning  by  the  use  of  these  minerals  against  the  worm  has 
come  to  our  notice  from  the  South,  notwithstanding  they  are  often  used 
in  that  section  of  the  coontiy  with  great  recklessness.  S'evertbeless, 
it  is  no  Qucommon  thing  to  bear  of  partial  poisoning  among  negroes, 
resulting  from  that  indifference  which  comes  from  constant  use,  and  the 
importance  of  care  and  caution  cannot  be  too  strongly  urged,  especially 
near  towns  or  in  thickly  settled  neighborhoods.^ 

Kone  of  the  correspondents  of  the  Gommisslon  report  serious  injury 
to  man  by  arsenical  poison  in  its  application  for  the  Cotton  Worm, 
and  only  one  of  them  reports  directly  a  case  of  poisoning  a  horse  }..all 
others  report  such  cases  &om  hearsay. 

It  has  been  our  principal  ambition  to  discover  some  substitute  for 
these  poisons  that  shall  be  equally  effectual,  harmless  to  man,  and 
cheaper.  The  experiments  that  have  been  carried  on  by  the  Commis- 
sion with  this  object  have  been  sufficiently  encouraging,  aa  the  Bequ3nee 


;yGoo»^lc 


AS8EKICAL  COUPOUND8  miL  P0I80K1KQ  THE  W0BM8.      139 

will  show.  In  &cf,  we  do  not  doabt  that  arsenical  poisons  will  in  tim« 
be  aaperseded  by  insecticides  that  ara  harmless  to  man,  bat  as  matters 
stand,  the  cheapest  and  most  satisfactory  remedy  has  been  fonnd  in  the 
application  of  certain  araenical  poisons.  Another  disadvantage  of 
aisenical  poisons  should  be  borne  in  mind,  viz.,  the  susceptibility  of  the 
cotton  plant  to  their  canatic  action,  the  leaves  bein^  more  or  leas  blis- 
tered or  burnt  by  an  overdose,  while  leaves,  blossoms,  sqnares,  and 
even  yooug  bolls  may  be  killed  by  an  excess;  so  that  tbey  are  valuable, 
eaUria  pariima,  in  proportion  as  they  are  harmless  to  the  plant. 

"We  cannot  give  in  simple  numbers  the  minimum  qaantity  of  any  of 
these  arsenical  poisons  to  be  applied  with  safety  to  tbe  plant,  and  at  the 
same  time  with  the  desired  effect  on  the  worms.  This  is  dne  to  the  lack 
of  onity  in  the  application  and  consequent  nneqaal  amonnts  of  poisoned 
mixtures  distributed  per  acre.  If,  «.  g.^  by  one  maobiue  50  gallons  of 
a  given  mixture  are  distributed  over  one  acre,  while  by  another  only 
10  gallons  are  needed  over  the  same  area,  it  is  evident  that  the  miuimnm 
quantities  of  poison  required  per  gallon  cannot  be  the  same  in  both 
cases.  Forther,  the  size  of  the  plants,  the  width  of  the  rows,  tbe  state 
of  the  weather,  the  character  of  the  admixtures  used,  all  have  an  influ- 
ence in  determining  the  minimum  quantity. 

3!he  figures  given  below  must  therefore  be  considered  as  the  average, 
derived  partly  &om  trustworthy  experiments  which  we  have  made, 
partly  firom  the  rates  which  are  locally  adopted  and  which  have  proved 
satis&ctory  by  long  practice,  bat  which  differ  widely  in  different  parts 
of  the  country.  It  is  to  be  hoped  that  with  the  general  adoption  of 
the  most  improved  machines,  which  distribnte  the  mixtures  moat  eoo- 
vomically,  a  more  uniform  rate  can  be  established. 

The  qnestion  has  been  raised  lately  whether  a  certain  amount  of 
scorching  by  arsenical  poisons  ia  really  so  ii^urioae  to  the  plant  as  ie 
generally  believed,  or  to  put  the  question  in  its  extreme  form,  whether 
a  strong  overdose  of  poison  does  more  harm  than  the  worms  if  they  are 
allowed  to  have  tall  swayf  If  the  worms  are  very  numerous  they  will 
not  only  defoliate  the  plants,  but  also  destroy  the  blossoms,  squares, 
and  bolls,  with  the  exception  of  the  largest  of  these  last.  Tbcy  eat 
the  bark  tii  the  more  tender  twigs,  and  they  very  much  injure  the  lint 
of  the  open  bolls  by  the  excrement  and  the  particles  of  gnawed  leaf 
which  fall  thereon,  and  not  only  stain  it,  but  depreciate  its  value,  since 
no  ginning  can  entirely  cleanse  it.  A  strong  overdose  of  poison  kills 
the  leaves  and  canses  tbe  blossoms  and  squares  to  drop,  but  does  not 
so  seriously  affect  the  bolls.  Fields  stripped  by  the  worms  the  latter 
part  of  August  do  not  fully  recover  till  about  two  mouths  afterwards, 
while  those  which  have  been  seriously  injured  by  poison  recover  two 
weeks  earlier.  It  will  thus  be  seen  that  the  injury  caused  by  the  worm 
is  of  a  more  serious  nature  than  that  caused  by  arsenical  poisons,  pro- 
vided that  tbe  worms  have  been  all  killed  by  tbe  poison.  A  small  oveiF- 
dose  of  poison  blisters  or  scorches  the  leaves,  or,  at  worst,  kills  the 
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more  tender  leaves ;  but  it  has,  so  fiir  as  our  experience  goes,  no  isfla- 
ence  on  tbe  aoopeDed  blossoms,*'  the  squares  and  bolls,  and  this  sligbt 
injury  is  mucli  lesa  Berioas  than  that  which  would  have  been  caused 
by  the  worms.  With  tlie  improved  machines  and  witli  some  practice 
the  best  arsenical  poisons  can  always  be  ^o  applied  that  they  will  effect- 
nally  destroy  the  worms  within  forty-eight  hours  and  without  injury  to 
the  plants.  If  the  plant  be  injured  to  any  considerable  extent  tbe 
fault  will  lie  either  in  the  mode  of  application  or  in  the  inferior  quality 
of  the  poison. 

Most  of  these  arsenical  poisons  can  be  applied  to  the  leaves  either  in 
water  or  dry,  but  some  of  the  compounds  are  prepared  so  as  to  be  used 
only  in  the  former  manner. 

Dry  application. — When  applied  in  powder  the  poisoo  must  be 
mixed  witli  other  ingredients,  in  order  to  render  it  snfBciently  econom- 
ical and  to  avoid  injury  to  tbe  plant.  The  ingredients  should  mix  readily 
with  the  poison ;  they  should  be  cheap  and,  in  tbe  application  from 
above,  as  far  as  possible  adhesive,  in  order  to  prevent  their  being  washed 
away  by  tbe  rains.  Of  tbe  various  ingrediunts  that  have  been  used  with 
success  common  flour  gives  most  satisfaction,  though  it  is  somewhat 
expensive.  Flour  not  only  mixes  most  readily  and  homogeneously 
with  tbe  poison,  but  possesses  also  great  adhesive  qualltiea,  even  with- 
out further  admixtures.  Other  materials  used  with  success  as  dilu- 
ents are  laud  plaster  (gypsum]  and  cotton-seed  meal,  both  being  veiy 
cheap  in  some  sections  of  tbe  South,  and  to  be  recommended  during 
dry  weather,  but  having  tbe  disadvantage  of  being  much  less  adhesive 
than  flour.  Both  materials  can,  however,  be  advantageously  used  when 
mixed  with  the  flour,  the  proportion  being  immaterial,  provided  the 
flour  occupies  the  greater  bulk.  Finely-sifted  wood  ashes  are  not  readily 
mixed  or  kept  mixed  with  the  much  heavier  arsenical  poisons,  and,  hav- 
ing little  adhesiveness,  are  not  to  he  recommended  ^one,  but  are  im- 
portant when  combined  with  flour. 

By  the  admixture  of  about  one-third  of  wood  ashes  to  two-thirds  of 
flour,  the  cost  of  the  application  is  not  only  considerably  lessened,  but 
another  importont  advantage  is  obtained.  The  action  of  rain  and  dew 
converts  the  flour  on  the  plante  into  a  kind  of  paste,  wbich,  while  it  ad- 
heres firmly  to  the  leaves,  is  somewhat  injurious  by  excluding  tlie  sir 
and  by  increasing  the  caustic  action  of  the  poison.  Both  these  difficul- 
ties are  measurably  overcome  by  the  admixture  of  wood  ashes,  and  the 
good  results  obtained  in  Texas  in  tbe  application  of  various  arsenical 
poisons  are  largely  due  to  the  prevalence  of  the  use  of  such  ashes.  A 
good  supply  can  be  collected  during  the  winter,  at  no  expense  and  with 
but  little  trouble. 

The  substitution  of  common  road  dust  for  the  diluente  mentioned 
above  has  been  taken  into  consideration,  and  we  have  carried  on  experi- 
ments as  to  its  feasibility.  The  results  show  that  very  flnely-sifted 
dust,  which  contains  as  little  sand  as  possible,  may,  if  nothing  else  is  at 
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haod,  be  nsed  as  a  dilaeDt,  bat  that  it  ia  a  poor  aabstitnte  for  flour.  Its 
chief  demerit  is  its  irreater  weight,  which  renders  the  application  both 
iaconvenient  and  wasteful. 

Before  applying  any  poidon  in  powder  form  it  mnst  be  mixed  with 
some  of  the  diluents  already  mentioned.  This  mixing,  generally  done 
by  farmers  in  a  roost  primitive  way  by  simply  stirring  the  poison  into  a 
kettle  or  wooden  box  ftll  of  flour  or  other  diluent,  ia  a  matter  of  no 
small  importance,  as  the  snccesB  or  failure  of  the  application  largely 
depends  on  the  way  in  which  the  mixing  haa  been  done. 

Mr.  George  Little,  of  Columbus,  Tex.,  haa  constructed  a  very  simple 
and  osefdl  contrivance  for  mixing  the  ingredients.  It  coosists  of  a  bar- 
rel which  has  a  longitudinal  wooden  axle  projecting  somewhat  at  each 
end.  Five  or  six  staves  run  through  the  barrel  longitudinally,  but  do 
not  project  at  either  end,  and  on  one  side  is  an  aperture  large  enough  to 
admit  the  ingredients.  When  they  are  in,  the  aperture  is  closed  and  the 
barrel  is  placed  over  a  large  open  box,  or  fixed  in  any  way  so  that  it  can 
be  revolved  by  means  of  a  handle  attached  to  the  jjrojecting  axle.  By 
this  simple  and  cheap  coutrivnnce  much  labor  is  saved  and  a  thorough 
mixing  assured,  while  all  possible  danger  which  might  be  incurred  by 
hand-mixing  is  avoided.  Large  spikes  driven  through  the  sides  so  as 
to  project  inwardly  will  add  to  the  efBcauy  of  the  device. 

In  the  matter  of  applying  the  powder,  many  planters  prefer  simply 
to  scatter  it  by  hand,  after  the  manner  of  seed-sowing,  as  being  more 
economical  and  rapid  than  any  other  method  in  use.  It  has,  moreover, 
the  advantage  that,  if  the  plants  are  high  enongfa,  the  poison  can  be  ap- 
plied to  the  under  side  of  the  leaves.  Planters  who  use  this  method 
assert,  upon  inquiiy,  that  no  evil  consequencea  have  ever  followed  their 
handling  of  the  mixture  in  this  ray,  but  it  strikes  us  as  being  altogether 
too  unsafe  to  be  recommended,  and  cannot  compare  on  a  large  scale 
with  the  devices  described  in  the  ensuing  chapters. 

The  principal  expense  in  the  dry  application,  as  hitherto  practfsed, 
consists  not  so  mnch  in  the  cost  of  the  poison  as  in  that  of  the  diluents, 
and  it  occurred  to  ns  to  try  and  rednce  the  amount  of  these  diluents  to 
a  minimnm  or  to  dispense  with  them  altogether  by  applying  the  re- 
quired amount  of  poison  unmixed.  The  experiments  made  in  this  di- 
rection have  not  been  satisfactory  for  want  of  suitable  machinery,  the 
amount  of  poison  used  for  each  plant  being  always  too  large  and  not 
evenly  distributed.  They  prove,  however,  that  with  our  improved  blow- 
ers mnch  may  be  done  in  the  direction  of  reducing  the  diluent. 

In  the  application  from  above  it  has  been  found  useful  to  add  a  cer- 
tain amount  of  flnely-powdered  substances  of  still  greater  adhesive 
qualities  than  is  possessed  by  any  of  the  diluents  mentioned,  in  order 
to  prevent  the  poison  from  being  washed  away  by  the  rain.  Such  sub- 
stances are  dextrine,  gum  arabic,  slippery-elm  bark,  or  rosin.  In  very 
rainy  weather  it  is  better  to  add  a  larger  proportion  of  them  than  in  dry 
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ve&tber.  Two  pounds  of  adhesive  material  to  eaab  25  poandB  of  poison 
and  diluents  may  be  giren  as  an  arerage  proportion. 

Ibe  principles  that  shoold  b«  followed  in  the  dry  application  are,  to 
mix  the  poison  thoroaghly  with  the  dilnents,  and  to  apply  the  mixtare 
as  evenly  and  slightly  as  possible  on  the  plants  when  the  worms  arc 
still  very  young.  The  best  time  of  the  day  to  apply  the  poison  is  eariy 
in  the  morning  when  the  plants  are  still  wet  with  dew.  Dry  and  windy 
weather  is  nufavorable  to  an  even  and  economical  application. 

Wet  afflioatiok. — This  is  a  mach  simpler  process  than  the  dry 
spplication.  The  required  amount  of  poison  is  stirred  ap  in  a  certain 
amount  of  wat«r,  the  liqoid  being  then  evenly  and  eoonomic^y  dis- 
tiibat«d  apon  the  leaves  of  the  plants.  The  large  series  of  machines 
invented  for  this  purpose  accomplish  this  in  a  more  or  less  perfect  way, 
the  water  being  broken  np  into  a  very  fine  spray.  Moat  of  the  axaeai- 
cal  poisons  not  being  soluble  in  water  mast  be  kept  suspended  by  stir- 
ring, but  this  difBcolty  is  easily  overcome  either  by  the  employment  of 
an  additional  hand  to  keep  the  water  stirred  ap  or  by  adding  to  the 
various  pumps  with  which  the  poison  is  distributed  a  simple  self-acting 
lever  in^e  of  the  barrel  or  other  vessel  containing  it.  This,  together 
with  the  motion  of  the  pamp,  is  sufficient  to  preveut  settlement.  It 
pays  to  add  two  or  three  pounds  of  flonr  or  starch  to  each  barrel  of  tbe 
poison  miztnre,  not  only  becanse  of  the  greater  adhesiveness  which  th^ 
give  to  the  poison  (a  very  desirable  object,  especially  in  wet  weather), 
but  becanse,  by  their  color,,  they  help  to  indicate  the  quantity  that 
has  been  distritiuted,  and,  also,  because  they  serve  to  keep  the  poisons 
suspended  in  the  water.  In  using  flour  it  will  be  found  advisable  to 
mix  it  first  in  a  bocketful  of  water  and  allow  it  to  remain  until  it  soma, 
the  object  being  to  prevent  it  from  forming  lamps.  Another  ingredient 
that  may  be  advuitageously  added  is  very  finely  sifted  wood  ashed  in 
such  qnaotity  as  not  to  interfere  with  the  distribution  of  the  poison. 
They  tend  to  lessen  the  caastic  action  of  the  poison  on  the  plant.  !nie 
most  important  point  in  wet  applications  is  to  have  a  good  snpply  of 
water  handy  and  readily  accessible  near  the  field,  and  it  shonfal  be  as 
tne  as  posslble.&()m  imparities. 

The  best  time  for  applying  wet  poisons  is  in  the  afternoon,  or  at 
least  after  the  dew  has  disappeared.  Dry  weather  is  the  most  favora- 
ble, while  in  rainy  weather  the  wet  application,  especially  from  above, 
should  not  be  attempted. 

The  relative  advantages  and  disadvantages  of  the  two  methods  of 
applying  arsenical  poisons  may  be  briefly  summed  np  as  follows :  The 
wet  application  is  by  far  the  cheaper  so  long  aa  we  are  obliged  to  use 
a  large  amount  of  costly  diluents  in  the  dry  application.  It  ia  also  the 
quicker  method,  as  a  liquid  spray  can  be  thrown  over  more  rows  <tf 
cotton  than  a  dry  powder.  During  dry  weather  the  wet  application 
is  preferable,  while  in  rainy  weather  the  dry  application  may  be  found 
more  advantageous  or  even  neoessary,  not  only  because  its  ^ect  ia  leas 


d.>Goo»^lc 


THE  UBE  OF  FABI8  GBEEN  AGAINST  THE  WOKHS.        143 

impfiired  by  tiie  rains,  bat  beoatue  diy  poisons  can,  if  neceHSory,  be  ap- 
plied witfaoat  the  aid  of  heavy  machines,  which  cannot  be  drawn  through 
the  fields  in  very  vet  weather.  Dry  arBeoicai  poisons,  especi^iliy  when 
mixed  with  diluents,  are  much  less  liable  to  injure  the  plants  than  when 
applied  in  liquid  suspension. 

TfXBJB  QBEBir. 

The  nature  and  effects  of  this  poison  are  now  too  well  and  generally 
known  among  planters  to  need  consideration.  Planters  have  too  often 
found  in  its  use  a  path  leading  from  threatened  min  and  bankraptcy  to 
be  mnch  inflaenced  by  theoretical  arguments  against  it.  A  study  ol 
its  effects,  based  upon  experience  and  experiment,  whether  upon  the 
plant  or  npon  the  soil,  shows  that  no  harm  results  from  its  judicious  use.* 
Oar  expectations  in  first  suggesting  its  use  as  a  Cotton  Worm  destroyer 
at  the  Saint  Lonis  meeting  of  the  National  Agricnltoral  Congress,  in 
1872,  and  more  confidently  recommending  it  before  the  same  body  at 
ludiaoapoltB,  in  1873,  have  been  folly  realized  by  the  experience  of  the 
past  seven  years.  Complaints  of  its  inefflcacy  are  readily  traceable 
either  to  faulty  application  or  to  the  use  of  an  adulterated  article.  Its 
principal  disadvantages  are  its  great  cost,  often  increased  by  the  ex- 
orbitant profits  demanded  by  merchants,  and  the  consequent  temptation 
to  adulterate  or  imitate  tlie  genuine  article."  Its  advantage  over  the 
other  arsenical  poisons,  besides  its  undoubted  etBcacy,  is  that  it  is  least 
liable  to  scald  the  leaves  and  cause  the  young  bolls  to  shed. 

If  used  in  liquid  soapensiou  the  amount  of  the  green  to  be  disttibat«d 
over  one  acre  should  not  exceed  one  pound  or  be  not  less  than  half  a 
poDnd.  The  former  amount  is  that  more  generally  used,  but,  taking 
into  account  the  wastage  and  loss  through  rain  or  dew, the  actual  work- 
ing quantity  per  acre  is  not  much  above  one-half  poand.  The  generally 
accepted  practice  has  been  to  take  1  poand  of  the  green  to  each  40  gal- 
lons of  water,  which  amount  of  water  was  sufKcient  to  go  over  one  acre 
wbep  applied  from  above  in  a  moderately  fine  spray  or  rain. 

The  great  advantage  of  the  improved  methods  of  application  given  in 
this  report  is  that  tliey  extend  a  given  amount  of  liquid  poison  over 
more  than  three  tames  the  area  without  loss  of  efficacy,  and  thereby  re- 
duce the  cost  to  less  than  one-third  of  what  it  hitherto  has  been. 

If  the  grem  were  as  cheap  as  the  other  arsenical  poisons,  tiiis  saving 
wodld  be  of  little  consequence;  but,  as  the  mattra  stands,  it  is  of  the 
greatest  importance,  as  will  be  seen  from  the  following  computation : 
The  price  of  Paris  green  in  the  South  averages  40  cdnts  per  pound,  being 
rarely  lower,  and  in  times  of  general  demand  reaching  as  high  as  75 
cents  or  $1  per  pound.  We  arrive  at  the  cost  of  the  wet  application  per 
acTQ.by  adding  to  the  cost  of  the  poison  and  admixture  that  of  the  ma- 
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cliiue  and  the  labor.  Both  of  tbe  last  two  items  are  extremely  TariaDle, 
and  it  is  difflcalt  to  get  at  tlie  average  cost.  One  of  the  improved 
spnuklers  will  cost,  on  an  average,  s&y,  $15,  and  will  last  for  several 
eeasons  with  but  little  expeuditnre  for  repairs.  Two  bauds  are  ueces- 
saiy  to  operate  tbe  machine.  One  hnudred  acres  of  cotton  can  be 
poiaoued  in  a  day  by  theee  two  men  with  one  machine,  16  pounds  of 
Paris  green,  and  (not  absolutely  necessary)  a  small  amouutof  Soar  and 
ashes. 

Thi«  dry  method  of  applying  Paris  green  has  proved  satiBfactory 
onder  the  conditions  already  referred  to  whenever  a  genuine  article 
has  been  obtained  and  properly  applied.  Seported  cases  of  failnre  must 
be  attributed  to  adulterated  poiaon,  or  to  tbe  use  during  very  wet 
weather  of  ingredients  of  inferior  quality.  Tbe  proportion  of  tbe  green 
to  tbe  ingredients  actually  in  nse  in  the  South  varies  from  1  pound  of 
the  green  to  20  pounds  of  ingredients,  to  1  pound  of  green  to  aboat  35 
pounds  of  ingredieubs,  the  stronger  mixture  being  generally  adopted  in 
Texas,  the  weaker  in  tbe  more  eastern  portion  of  the  cotton  belt.  This 
great  difference  is  partially  explained  by  the  fact  that  the  mixture  is  as 
a  rule  more  economically  applied  in  Texas  than  further  etist.  Tbe  origi- 
nal idea  was  to  distribute  1  pound  of  tbe  gi^en  over  one  acre  of  cotton 
of  average  size,  aud  by  a  very  slow  and  careful  manijiulatiou  of  the 
sieves  it  is  indeed  barely  possible  to  accompIiBb  this  satisfactorily  if  20 
pounds  of  ingredients  areadded.  Practically,  however,  the  amount  of 
the  mixture  used  per  acre  always  exceeds  30  poumlB,  and  often  reaches 
50  pounds  or  even  more.  This  great  waste  is  the  necessary  consequence 
of  the  imperfect  implements  that  have  been  employed  so  far,  and  t^r- 
tially  also  of  the  carelessness  of  the  bands.  The  small  tin  sieves  so  ex- 
tensively usedinthecanebrakercgion  of  Alabama  are  especially  waste- 
ful in  the  distribution  of  the  mixture,  and  one  barrel  (almost  200  iH>unds) 
is,  on  some  plantations,  not  expected  to  go  over  much  more  than  three 
acres.  That  1  ponnd  of  the  green  to  30  pounds  of  diluents  applied  at 
tlie  rate  of  not  more  than  20  pounds  to  the  acre  is  efflcieut  has  been 
proved  by  actual  experience  over  and  over  again,  and  all  stronger  ad- 
mixtures of  the  green  should,  therefore,  be  abandoneil.  But  in  every 
application  of  this  mixture  during  dry  weather  another  point  of  still 
greater  importance  can  be  learned  :  Wherever  tbe  mixture  is  applied 
very  slightly,  so  as  to  be  a  mere  dusting  of  the  leaves,  it  is  fully  as  effi- 
cient as  where  it  thickly  covers  the  plant.  One  of  the  chief  aims  we 
have  bad  in  mind  has  been  to  aseertatn  by  experiment  tbe  miuimihn 
quantity  of  the  poison  that  could  advantageously  be  used,  and  Mt. 
Schwarz  was  intmsted  with  experiments  in  this  direction.  He  rcpoCts 
as  follows: 

'■^Minimum  quantity  of  Park  green. — That  the  method  of  applying  dry 
poisons  by  means  of  common  bread-sieves,  and  still  more  by  meauB.of 
small  tin  sieves,  is  a  very  wasteful  one,  needs  no  fbrCher  remark,  aqd  a 
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large  aeries  of  trials  vith  poisous  in  powder  form  coDTiDced  me  that 
this  waste  cannot  be  materially  lessened  by  a  carefal  handling  of  the 
sieve,  or  by  employing  several  more  layers  of  maslin  in  addition  to  the 
one  or  two  dow  generally  used.  Application  by  means  of  the  bellows 
is  too  irregular,  while  application  with  the  hand  is,  with  some  practice, 
considerably  leas  wastefbl. 

"The  most  economical  distiibution  of  the  mixture  I  could  devise,  for 
experiments  on  a  small  scale,  was  by  me-ans  of  a  stiff  bmsli.  A  com- 
mon shoe-brush  is  dipped  in  a  flat  vessel  containing  the  mixtare.*"  The 
ffreatest  portion  of  the  adhering  poison  is  theu  shaken  off  by  knocking 
with  a  stick  on  tbe  handle  of  the  brush.  The  still  adhering  poison  is 
then  thrown  on  the  plants  by  drawing  a  stick  across  tbe  bmsh.  Tbe 
poison  can  thus  be  applied  fiiom  any  direction,  and  the  amount  be  reg- 
ulated at  will.  Three  average-sized  plants  were  accordingly  dusted  on 
September  2 ;  the  first  very  slightly  from  above,  the  two  others  from 
below.  In  applying  frvm  below,  the  poison  finally  covers  both  the  os- 
derside  as  well  as  the  upper  side  of  the  leaves.  I  am  qnit«  anable, 
however,  to  calculate  the  amount  of  poison  mixture  I  used,  but  it  is  cer- 
tain that  each  plant  did  not  receive  the  tenth  part  of  the  amount  it 
would  have  received  in  the  applications  with  tbe  sieve.  The  plants 
were  dtisted  early  Id  tbe  morning,  the  poison  adhering  very  well  also  to 
tbe  underside  of  tbe  leaves.  There  were  nameroas  worms  on  all  plants 
at  this  time,  while  others  were  continually  hatching.  A  moderate  r&in 
shower  about  six  hours  after  application  washed  off  most  of  tbe  poison 
applied  from  above,  while  it  had  but  little  iufineuoe  on  that  applied 
ftom  below.  However,  wherever  there  were  holes  in  the  leaves,  the 
poison  on  the  underside  was  converted  into  paste,  and,  in  a  few  places, 
washed  away. 

"The  application  on  the  first  plant  proved  to  be  of  very  little  ase, 
though  I  found  three  dead  worms  under  the  plant  next  momiug.  Tbe 
two  other  plants  were,  however,  fully  protected  tot  about  five  days,  and 
almost  entirely  cleared  from  the  worms,  when  the  migratory  worms  over- 
ran them.  Against  the  superior  number  of  these  worms  the  iwison 
was  of  DO  avail,  though  a  vast  uumber  of  them  were  killed  before  the 
plants  were  stripped.  I  have  not  the  slightest  doubt,  however,  that  in 
ordinary  times  such  alight  application  of  dry  Paris  green  from  below  is 
fidly  sniBcient  to  protect  tbe  plants." 

That  such  application  from  below  is  not  only  practically  possible,  but 
can  be  effected  much  more  rapidly  than  tbe  sieving  method,  will  be  de- 
monstrated further  on  in  disctissing  the  machines  invented  for  this  par- 
pose.  The  adoption  of  the  new  machines  will  considerably  reduce  the 
cost  of  the  dry  application  of  Paris  green  without  in  the  least  lessening 
its  efficacy.  Its  cost  per  acre  of  cotton,  when  applied  with  the  sieve, 
ranges  from  75  cents  to  $2,  according  to  tbe  first  cost  of  material  and 
different  modes  of  application,  or,  again,  to  the  slse  ctf  tlie  plants  at  the 
time  of  tike  application. 
63  ooiTO 10 
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Five  pateDta  have  beeD  issued  for  different  oombinations  Tvith  Paris 
green.  In  1863  Mr.  J.  P.  Wilson,  of  Illinois,  took  out  a  patent  (No. 
8246S)  for  one  part  of  Paris  green  and  two  of  mineral  paint  to  be  nsed 
to  kill  potato-bngs.  In  1871  Mr.  Lemael  Pagin,  of  Niles,  Micb.,  clumed 
a  mixture  (patent  No.  112732:  Paris  green,  2  pounds;  rosin,  2^  poondB; 
gnm  arabio  or  slipper; -elm,  J  ponnd;  wheat-floor,  5  poaads;  middlings, 
1  bnBhel)  tor  the  same  purpose.  In  1873  Mr.  G.  F.  Whisenant,  of  Ohapel 
Hill,  Texas,  obtained  a  patent  (No.  134959:  Paris  green,  ^  ponnd;  arsenic, 
1  pound;  lime,  26  pounds,  and  dour  5 pounds)  for  destroying  caterpillars 
on  cotton.  In  the  same  year  Mr.  William  B.  Royall,  of  Bienbam,  Tex., 
obtained  patent  for  the  same  purpose  (No.  140079,  June  17, 1873),  the 
ingredients  being  Paris  green,  1  pound;  cobalt,  2  onnces;  floor,  17 
pounds ;  powdered  gum  tragaoanth,  3  ounces ;  powdered  licorice  root,  6 
ounces;'  and  subsequently  stillanother(I?o.  151439,  May  29, 1874:  Paris 
green,  1  ponnd ;  flour,  4  pounds ;  cotton-seed  meal,  16  ponnds)  for  the 
substitution  in  part  of  cotton-seed  meal  for  ordinary  flonr. 

Regarding  these  patent  mixtures  it  must  be  borne  in  mind  that  the 
value  of  Paris  green  with  some  diluent  as  an  insecticide  had  been  widely 
made  public  before  any  of  them  were  issned,  and  we  can  but  repeat  onr 
previously  expressed  opinion"  that  "it  is  to  be  r^retted  that  patents 
can  be  obtained  nt  all  for  remedies  of  this  natnre  after  they  have  become 
generally  known  and  rightfully  belong  to  the  public.  When  the  dis- 
coverer of  such  a  remedy  does  not  see  fit  to  patent  it,  no  one  snbse- 
sequently  has  a  moral  right  to,  whatever  speculative  right  be  may  pos- 
sess. Fortunately,  in  this  case  the  patentees  cannot  interfere  with  the 
public  rights,  and  it  is  be  to  hoped  that  no  planter,  either  of  potatoes 
or  cotton,  will  be  induced  by  flaming  circulars  and  threats  to  pay  even 
one  cent  per  thousand  acres,  much  less  the  demanded  $20  per  100  acres, 
for  the  privilege  of  using  these  patented  mixtures.  The  very  fact  that 
60  many  patents  have  been  granted  for  the  same  pnrpose,  all  of  them 
having  Paris  green  as  a  base,  shows  clearly  that  the  patent  covers  only 
the  particular  combination.  By  ringing  the  changes  on  the.  different 
proportions  of  the  several  ingredients,  a  thousand  of  these  patent  rem- 
edies may  be  obtained;  and  any  one  who  diverges  but  a  ft-actton  ft-om 
the  particular  patented  combination  ceases  to  infringe  upon  it.  It  wUI 
therefore  be  utterly  impossible  for  the  patentees  to  enforce  the  penalty 
for  infringement  without  proof  that  precisely  the  same  ingredients  and 
combination  as  patented  were  nsed;  and  to  get  such  proof  will,  I  take 
it,  be  no  easy  matter;  for  were  it,  we  Bbonld  hear  of  hundreds  of  thon- 
sands,  of  prosecutions  where  now  we  hear  not  of  a  single  one." 

iExperience  has  Justified  this  advice;  for,  while  immense  sums  have 
been  paid  by  planters  to  some  parties  for  the  right  to  use  Paris  green 
mixtures,  the  patentees  have  been  unable  to  get  protection  from  the 
courts  whenever  they  have  sued  for  infringement  in  the  independent 
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OBO  of  them  by  ploDters.  The  tetter  of  tlie  law  too  ofteu  negatives  the 
Bpint  of  the  law,  aod  it  seems  tliat  the  Patent  Office  has  been  forced  to 
iBsne  tbe  pateota  above  alladed  to  on  the  ground  and  deoiBion  that  any 
cbange  in  the  oompoands  of  a  miztnre  makes  of  it,  in  law,  a  new  sab- 
stance. 

ABSENIO. 

WhUe  commercial  araenio,  salts  of  arsenic,  and  their  varions  com> 
poonds  are  mnch  cheaper  than  Paris  green,  yet  this  advantage  is 
more  than  counterbalanced  by  the  ii\jnrioiis  property  they  possess,  in 
a  more  (« less  marked  degree,  of  scalding  the  leaves  and  caosing  the 
sqnares  and  ymmg  bolls  to  shed.  Moreover,  on  aisconnt  of  tiieir  white 
color,  there  is  more  danger  of  iiyary  to  man  and  (uiimals  in  their  ose 
than  in  that  of  colored  preparations,  which  are  less  likely  to  be  mis- 
taken for  harmless  substances.  Great  care  and  precaution  are,  there- 
fore, necessary  in  applying  these  arsenic  poisons.  When  applied  in 
jost  the  right  proportions  to  kill  the  worms  without  ii^nring  the  cotton 
they  are  valuable  sabstitates  for  tbe  mwe  expensive  Paris  gieen,  bnt 
unfortunately  theeo  proportions  vary  with  each  particular  combination, 
the  condition  of  the  plants,  temperature,  and  weather,  and  time  of  ap- 
plication, so  that  they  can  be  satisfactorily  ascertained  only  by  abso- 
lute experiment. 

It  is  for  this  reason  that  the  Paris  green  mixtures  have  held  their 
own  against  the  cheaper  compounds,  and  most  planters,  even  where 
these  last  are  osed,  find  it  desirable  to  still  mix  a  certain  proportion  of 
tbe  green  with  them. 

The  cheapness  of  the  arsenic,  combined  with  the  fact  that  onder  very 
favorable  circumstances  it  is  not  uncommonly  applied  with  success,  will 
give  to  it  a  conspicuons  place  among  the  remedies  for  the  Cotton  Worm, 
so  long  as  mineral  poisons  are  not  snperseded  by  others.  The  high 
price  asked  for  some  of  the  patented  compounds  is  entirely  unwarranted, 
as  their  value  in  every  case  depends  on  the  arsenic. 

Commercial  arsenio,  costing  from  7  to  10  cents  per  ponnd,  is  applied 
in  powder  form  at  the  ratio  of  }  pound  to  from  18  to  25  of  any  of  the 
ingredients  nsed  with  Paris  green.  Used  in  watar,  these  arsenic  com- 
pounds give  less  satisfaction  because  of  the  dangers  to  the  plant  ah:«ady 
alluded  to,  which  are  then  increased.  Counting  40  gallons  of  liquid  for 
one  acre  of  cotton,  the  arsenic  osed  should  not  exceed  1  ponnd  to  200 
gallons  of  water ;  aiid  this  mixture  must  be  very  evenly  distributed,  as 
even  a  slight  overdose  will  scorch  the  leaves.  It  is  an  interesting  fact 
tiiat  already  in  1871  a  patent  was  obtained  for  the  use  of  arsenio  against 
the  Cotton  Worm  by  Mr.  Thomas  W.  Mitchell,  of  Bichmond,  Tex.  (Ko. 
110774,  Jannary  3, 1871 ;  reissue  No.  6935,  June  30, 1874 :  92  grains  of 
opaqne  arsenic,  or  293  grains  of  transparent  arsenio  to  one  pint  of 
water). 
Araeniate  of  loda. — This  has  the  advantage  of  being  perfectly  sol- 
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able  in  water,  but  has  the  same  disadvaDtages  aa  commerciul  arsenic. 
For  a  nambei  of  years  an  arsenical  compouud  Las  been  advertised  nn- 
der  tbe  name  of  *'  Potato-jwat  poison,"  liy  the  Lodi  Chemical  Worfca  of 
Lodi,  K.  J.  It  is  pat  np  in  ponnd  packages,  trhicli  are  sold  at  $1  each, 
with  directions  to  dissolve  4  ounces  in  2  quarts  of  hot  water,  then  pour 
into  a  barrel  containing  30  gallonB  of  cold  water,  and  use  on  the  plants 
in  as  fine  a  spra;  as  possible. 

The  common  arsenic  water,  which  every  dmggist  knows  how  to  make, 
will  answer  well.  To  make  it  from  the  white  araeMe  (arsenioos  acid) 
and  common  baking  (carbonate  of)  soda  is  eheaper  than  to  bny  the 
arseniate,  although  the  arseniate  method  of  preparation  involves  less 
time  and  labor.  One-flfth  of  a  pound  of  sal  soda  to  a  pound  of  arsenic 
should  be  boiled  in  a  gallon  of  water  until  dissolved.  The  solution  is 
permanent,  no  stirring  or  shaking  being  necessary  to  keep  the  poison 
mixed.  One  quart  of  the  solution  to  forty  gallons  of  water  is  used  on 
each  acre. 

Frio's  solution. — This  compound  is  said  to  consist  of  arsenious  ox- 
ide, dissolved  in  a  solution  of  sodiam  or  potassium  .carbonate  in  water. 
It  has  been  used  quite  extensively  in  some  parts  of  the  canebrake  re- 
gion of  Alabama,  but  does  not  appear  to  be  patented. 

A  more  complicated  compound,  "  JoHirson's  Dead  Shot,"  has  been 
patented  by  Judge  J.  W,  Johnson,  of  Colnmbas,  Tex.  {No.  151,666,  June 
2, 1874),  cuttsiatiug  of  8  ounces  arsenious  acid,  1  ounce  cyanide  of  po- 
tassium, S  onnces  dextrine,  dissolved  in  40  gallons  of  water.  One  of 
the  claims  for  tbin  compound  was  that  the  vapor  of  the  cyanide  of  po- 
tassinm  even  killed  tbe  motba  which  came  in  the  vicinity  of  the  plants 
that  had  been  sprinkled  with  the  "Dead  Shot."  Experience  ha^sbown 
that  the  claim  was  unwarranted,  and  in  tact,  in  the  packages  offered  to 
the  public,  Judge  Johnson  did  not  adhere  to  the  specification,  being 
finally  afraid  to  use  the  cyanide  of  potasainm,  and  making  a  mixture 
composed  of  3  pounds  of  commercial  arsenic,  1  ponnd  of  starch,  1  pound 
of  salte  of  tartar,  ground  ap  together.  This  was  made  np  in  powder 
packages,  to  be  used  at  the  rate  of  5  pounds  to  500  gallons  of  water, 
and  sprayed  by  means  of  bis  patent  sprinkler  presently  to  be  described. 
This  was  found  to  have  the  same  drawback,  common  to  arsenical  mix- 
tures, of  injuring  tbe  plant,  and  the  later  packages,  advertised  under 
tbe  name  of  "  Johnson's  Improved  Dead  Shot,"  pnt  up  In  4-ponnd  tin 
boxes,  and  to  be  used  at  the  rate  of  4  pounds  to  600  gallons  of  water, 
consist  (according  to  the  inventor's  own  statement  to  ns)  of  2  pounds 
of  commercial  arsenic  with  a  due  proportion  of  rosin,  caustic  soda,  and 
sulphate  of  copper,  all  boiled  together.  This  is  sold  at  $1.25  per  box. 
It  has,  however,  proved  too  o^n  unsatisfactory  and  inefficient,  and 
Mr.  Johnson  has  been  obliged  to  add  or  recommend  the  addition  of  one 
pound  of  Paris  green  to  the  mixture. 

A  patent  (No.  151078,  May  19,  1874)  was  obtained  by  Messrs.  J.  D. 
Braham  and  A.  Bobira,  of  Galveston,  Tex.,  for  thehr  "Texas  Cotton 
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Worm  Destbotxb,"  which  is  esseDtialty  the  eame  as  the  Ludi  prepa- 
ration, and  pnt  op  at  the  ISevr  Jersey  worlcu  for  the  Oalveeton  firm. 
Fifty  grains  of  arseniate  of  soda  and  200  grains  of  dextrine  are  to  be 
dissolved  in  one  gallon  of  cold  water.  The  mixture  formerly  sold  at  the 
exorbitant  price  of  (1  per  pound,  and  is  now  offered  for  50  cents  per 
pound.  It  is  pat  up  in  packages  of  60  and  100  pounds,  and  thus  sold 
at  a  discount  of  10  per  cent.  It  ia  to  be  used  at  the  rate  of  4  ounces  of 
the  miztnie  to  about  40  gallons  of  water,  making  the  cost  of  one  ap- 
plication per  acre  abont  12J  cents.    It  has  been  extensively  used. 

Another  "  pest  poison,"  also  essentially  the  same  as  the  Lodi  prepa- 
ration, but  faintly  colored  with  rose  aniline,  is  pat  up  by  the  Kearney 
Chemical  Works  of  Sew  York,  in  J-pound  packages,  sold  at  60  cents, 
and  to  be  dissolved  in  60  gallons  of  water. 

LONDON  FITEFLE. 

This  powder  is  obtained  in  the  following  manner  in  the  manufactnre 
of  anilioe  dyes :  Crude  coal-oil  is  distilled  to  produce  benzole.  This  ia 
mixed  with  nitric  acid,  and  forms  nitro-beiizole.  Iron  filings  are-then  * 
ased  to  produce  nasceuC  hydrogen  with  the  excels  of  nitric  acid  in  the 
benzole.  When  distilled,  aniline  results :  to  this  are  added  arsenic  acid, 
to  give  an  atom  of  oxygen  which  produces  rose  aniline,  and  quicklime 
to  absorb  the  arsenic  The  residaum  which  is  obtained  by  filtration  or 
settling  is  what  has  been  denominated  "  London  pnrple,"  the  sediment 
being  dried,  powdered,  and  finely  bolted.  The  powder  is,  therefore, 
composed  of  lime  and  arsenions  acid,  with  about  25  per  cent,  of  car- 
bouaceoas  matter  which  surrounds  every  atom.  Experiments  which 
we  made  with  it  in  187tt  impressed  us  fa\'0rably  with  this  powder  as  an 
insecticide,  aud  its  use  on  the  Colorado  potato-beetle  by  Professors 
Budd  and  Bessey,  of  the  Iowa  Agricultural  College,  proved  highly  satis- 
factory. .  We  were,  therefore,  quite  anxious  to  test  its  efi'ect  on  the  Cotton 
Worm  in  the  field  on  a  large  scale,  and  iu  the  winter  of  1873-'79  induced 
the  maaufa^iturera  to  seud  a  large  quantity  for  this  purpo^  to  the  De- 
partment of  Agriculture.  The  analysis  madeof  it  by  Professor  Collier, 
the  chemist  of  the  Department,  showed  it  to  contain : 

Per  oral. 

Rom  aniline J2.46 

Aneoic  acid 43.65 

Lime 21.88 

Imolnble  Teeidoe 14.57 

Iron  oxide 1. 16 

Wftter 2.S7 


100.00 

Through  the  liberality  of  the  manufacturers,  Messrs.  Hemingway  & 
Co.,  s  number  of  barrels  of  this  powder  were  placed  at  our  disposal 
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daring  tbe  season  of  1S79  and  distribated  to  various  observers  aad 
agents  lu  Geor^a,  Alabama,  and  Tesas.  Early  in  the  spring  of  the 
following  year  Mr,  A.  B.  Wliitney,  of  Franklin  Grove,  111.,  found  it  to 
be  a  peifect  antidote  to  tbe  canker-worms  which  had  not  been  prevented 
from  ascending  his  apple  trees. 

In  the  following  year  (1880)  large  quautities  of  the  purple  were  used 
by  many  planters  in  various  parts  of  the  cotton  belt,  while,  at  the  same 
time,  in  the  Northern  States  the  experiments  were  vigorously  continued. 
It  would  lead  us  too  far  to  report,  and  discuss  hero  all  tho  oxperim^nta 
which  have  been  made  on  other  insects  than  the  Cotton  Worm,  and  it 
suffices  to  state  briefly  that  tbe  purple  has  proved  to  be  a  perfect  substi- 
tute for  Paris  green.  As  to  its  value  as  a  remedy  for  the.  Cotton  Worm, 
the  matter  stands  as  follows:  Id  Texas,  where  tbe  purple  bas  been 
most  extensively  used,  according,  as  we  may  add  here,  to  tbe  directions 
given  by  us,  tbe  unanimous  verdict  of  the  jilanters  is  in  its  favor,  not  a 
Biu;:le  case  of  failure  having  been  reported.  We  ha\e  on  file  very 
many  reports  and  letters  received  from  that  State,  and  statements 
that  have  apjieared  in  the  daily  papers  which  express  this  favorable 
opin'ion.  In  tbe  other  States  the  opinion  is  not  uuiform  on  the  subject^ 
and  there  has  been,  especially  in  Alabama,  considerable  adverse  ex- 
perience with  it.  Mr.  James  lioane,  agent  of  the  Commission,  wrote 
as  follows  on  tbe  subject: 

"I  havebeen  introduced  to  quite  a  onmberof  planters,  and  upon  cou- 
veisiug  with  them  find  that  they  are  divided  as  to  the  efficacy  of  Lon- 
don pnrple.  Some  repudiate  it  altogether,  while  others  are  )ond  in  its 
praises.  One  thing  is  certain,  that  there  has  been  a  very  large  demand 
for  it.  Mr.  Wilkins  tells  me  that  in  the  epace  of  one  day  he  sold  no 
less  than  2,000  pounds,  saying  at  the  same  time  that  he  could  have 
readily  disposed  of  20,000  pounds  if  he  had  had  it.  M^or  Hardie,  who, 
as  you  know,  is  a  gentleman  of  tbe  highest  cultivation  and  attainments, 
tells  me  that  he  has  little  faith  in  London  purple,  having  used  it  on  his 
plantation  under  his  direct  supervision,  without  obtaining  the  satisfao- 
tory  results  of  Paris  green.  He  mixes  1  pound  of  the  pnrple  with  40  of 
fiour,  and  sif^  it  over  the  plant.  The  main  objection  he  urges  against 
it  is  its  fiailnre  to  kill  the  worm  anything  like  as  quickly  as  Paris  green. 
He  acknowledges,  however,  that  next  to  Paris  green  it  is  the  best,  be- 
cause the  only  remedy  to  be  obtained. 

>'  Immediately  after  Major  Hardie  gave  his  opinion  on  the  pnrple,  an 
old  plant£r,  who  jnst  stepped  in,  said  that  be  bad  used  Loudon  purple 
very  extensively  on  his  cotton-fields  with  tbe  most  flattering  results. 
He  used  the  poison  suspended  iu  water." 

Id  tbe  majority  of  cases  tbe  failure  was  plainly  due  to  an  overdose 
of  the  poison  applied,  many  planters  having  used  it  in  the  same  pro- 
portion as  Paris  green,  simply  because  they  chanced  to  have  read  Mr. 
Trelease's  report  (see  Eeport  on  Cotton  Insects,  1879,  Department  of 
Agricnltare),  who,  strangely  enough,  always  experimented  with  strong 
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overdoses  of  Loodoo  paF[>le.  lu  otber  cases  the  foilare  was  plainly 
to  be  attributed  to  the  itn|>erfect  implements  nsed  for  tbe  distribution 
of  the  dry  and  wet  poisons.  In  still  other  cases  tbe  cause  of  the  fail- 
nre  could  not  be  made  out.  The  oonclnsions  ^e  arrived  at  dariug  the 
season  of  1879,  after  a  long  series  of  trials  made  by  ourself  and  Mr. 
Bcbwarz,  and  assisted  by  the  most  experienced  planters  in  the  viciaity 
of  Colunibos,  Tex.,  and  which  were  pnblished  in  the  first  edition  of 
this  work,  have  been  proved  correct  by  the  experience  of  subsequent 
years,  and  wherever  pure  and  genuine  Loudon  purple  has  t>een  applied 
according  to  the  directions,  it  has  always  given  eatisfiuitory  results. 

It  should  be  remembered  that  the  introduction  of  a  new  remedy, 
especially  if  it  is  not  without  drawbacks,  is  always  a  ditScult  task,  and 
ex|ierience  must  be  bought  at  tbe  cost  of  disa])pointment  and  failure. 
We  need  only  recall  to  the  reader  the  history  of  the  iutrodnction  of  the 
Paris  green,  aud  how  long  it  took  before  its  efficacy  was  firmly  estab- 
lished, and  before  the  farmers  and  planters  had  gained  full  confidence 
that  it  was  a  (terfect  remedy  for  some  of  our  worst  Insect  enemies. 
London  purple  hiUj,  in  commou  with  all  arseuieal  poisons,  the  disadvan- 
tage of  dangei',  but  it  is  one  of  the  cheapest  remedies  of  this  class,  being 
a  mere  refuse  which,  from  its  poisonous  nature,  was  a  drug  to  the  mana- 
factorers,  au<l  had  to  be  gotten  rid  of  by  being  dumped  long  distances 
out  at  sea.  This  substance  can  be  put  upon  the  market  at  the  bare 
cost  of  transportation.  It  can  be  sold  in  Kew  York  at  the  low  rate  of 
6  ceuts  per  pound,  aud  there  is  uo  reason  why  it  should  not  be  obtained 
at  any  of  the  large  shipping  points  in  the  South  at  figures  ranging  be- 
tween 7  aud  10  cents  a  pound.  This  meaus  virtually  that  the  coat  of 
destroying  the  worms  by  this  powder  is  reduced  to  such  a  minimum  as 
to  depend  mainly  on  the  labor  and  the  other  ingredients  or  diluents 
employed ;  in  other  words,  that,  while  the  planters,  as  heretofore,  were 
obliged  to  i>ay  as  much  as  tl  for  the  first  cost  of  the  active  poison 
needed  for  one  acre,  and  never  less  than  Id  cents,  they  may  now  obtain 
it  for  from  3  to  5  cents. 

An  advantage  of  minor  importance  is  its  red  hne,  as  it  colors  the 
ingredients  so  as  to  prevent  their  being  mistaken  for  harmless  material. 
Tbe  finely  pulverized  condition  of  the  purple  seems  to  be  of  less  ad- 
vantage than  we  were  formerly  inclined  to  believe,  as  it  increases  the 
caustic  power  of  the  poison  upon  the  plants.  Finally,  its  cheap  price 
removes  the  temptation  of  adulterating  the  poison,  as  every  adultera- 
tion would  prove  more  expensive  than  the  genuine  article. 

Dry  application — Experiments  on  a  large  sc^e  have  been  made  with 
the  dry  application  at  the  rate  of  2  pounds  to  18  pounds  of  diluents, 
also  at  the  rates  of  1,  j,  ^,  aud  i  pound  to  18  of  the  diluents.  The  last 
proved  only  partially  effectual,  and  in  no  case  were  tlie  plants  injured 
or  the  leaves  even  burned.  In  all  but  the  last  case  the  worms  were 
killed,  bnt  as  the  mixture,  at  the  rate  of  i  pound,  was  applied  with 
greater  care  and  regularity  than  is  generally  had  on  a  large  scale,  and 
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Blso  in  very  dry  weather,  tlie  proportion  of  i  pound  to  IS  of  the  dila- 
eats  is  most  to  be  recommeoded.  This  refers  to  rery  econoiuicai  appli- 
cation by  means  of  a  careAil  bandling  of  the  sieves.  As  the  sifUng  is 
generally  done  leea  economically,  the  following  proportion  is  to  be 
recommended  :  One  poaud  of  the  purple  to  about  45  ponnda  of  dilnents, 
the  lutter  moat  advaotageoasly  uonaisting  of  15  poDuds  of  wood  ashes 
and  30  ponnds  of  floar,  including  the  nsaal  amount  of  adhesive  mate- 
rials. This  would  give  abont4poundB  of  the  purple  to  1  barrel  of  dour. 
As  to  the  cost  per  aure  of  cotton,  the  remarka  made  under  the  bead  of 
Paris  greeu  alao  hold  true  here,  the  low  price  of  the  purple  readeriDg 
ita  application  of  courae  so  much  cheaper. 

The  expeiimeuts  made  by  the  agents  of  the  Commission  in  applying 
the  purple  without  dilnenta  havecomplctely  failed  for  want  of  machines 
wherewith  to  apply  evenly  the  very  email  quantity  of  the  poison  re- 
quired for  each  plant,  the  results  invariably  being  that  the  leaves  were 
considerably  acorched.  The  invention  of  machines  bringing  about  the 
even  distribution  of  very  small  quaotities'  of  poison  will  naturally  open 
a  wide  field  for  farther  experimentation.  That  even  a  very  slight  duat- 
ing  with  the  purple  mixture  mentioned  above  is  ftdly  efficient  has  been 
proved  by  the  experiments  made  in  Texas  in  1879;  but  snch  economic 
application  is  impossible  oit  a  large  scale,  so  long  as  we  cannot  dispense 
with  the  sifting  methods. 

Wet  application. — Like  Paris  green,  it  is  not  soluble,'  but  is  mach 
easier  kept  snspended  in  water  than  the  former.  If  applied  in  this  way 
some  care  has  to  be  taken  in  stirring  it  in  the  water,  as  it  has  a  tendency 
to  form  lumps,  owing  to  its  finely  powdered  condition.  Experiments 
on  a  large  scale  with  this  material  diluted  in  water  gave  the  followiug 
results :  When  used  in  the  aame  proportion  as  Paris  greeu,  namely,  1 
pound  of  the  |>oison  to  about  40  gallons  of  water,  one  exi>eriment«r 
reports  that  the  leaves  were  slightly  crisped,  while  four  others  report 
perfect  success,  and  no  injury  whatever  to  the  plant.  Exi>eriments  by 
ourself  and  Mr.  Schwarz  in  the  year  1ST9  showed  tli.it  when  ai>plietl 
in  the  proportion  mentioned  and  thoroughly  stirred  up  iu  the  water  the 
leaves  were  partly  crisped,  though  by  uo  means  so  much  as  by  arsenic, 
even  wheu  applied  in  weaker  solution.  When  used  in  smaller  propor- 
tion, or  at  the  rate  of  J  or  J  pound  to  10  gallons  of  water,  it  did  not  burn 
the  leaves,  and  still  proved  effectual  in  destroying  the  worms.  Re- 
peated experiments  on  a  smaller  scale  confirmed  these  results  obtained 
on  large  fields,  and  also  showed  that  the  proportion  may  be  still  &rther 
reduced,  and  when  applied  with  great  care  and  in  very  dry  weather  ^ 
pound  to  40  gallons  will  kill.  Btill  farther  rednctiou  iu  the  pro)M>riiun 
of  the  powder  used  gave  negative  reaulta.  I  would  tlierefure  recom- 
mend the  use  of  i  pound  of  this  powder  to  from  60  tu  55  gallons  of 
water  as  the  proportion  most  likely  to  give  general  satisfaction  by 
effectually  destroying  the  worms  without  injuring  the  plants. 
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AU  tbat  has  been  said  ander  the  head  of  Paris  greea  as  to  tbe  desir- 
ability  of  adding  a  eniall  qaantitjr  of  flour  or  other  sabatance  to  give 
adhesivetiess  to  tbo  liqaid  will  hold  equally  trae  of  London  parple. 
This  method  is  ver,v  cheap ;  labor  and  machine  constitnting  by  far  the 
greatest  part  of  tbe  expense,  while  the  cost  of  the  poison  per  acre  does 
not  exceed  3  cents. 

OTHER  MINERAL  SUBSTANCES. 
SALT  AND  SAJLTPETBB. 

We  have  heard  couiiuousalt  frequently  recommeoded  aa  a  remedy  for 
injurious  insecta,  and  it  uuqiieacioniibly  iwsaesses  insecticide  properties, 
especially  when  dissolved  in  water,  affecting  and  killing  the  insect  upon 
contact.  Unfortuuately,  Luwever,  its  effects  ou  the  plimts  are  much 
more  marked,  and  we  have  tbns  tbe  same  obstacles  to  its  application 
aa  with  kerosene  and  ottiwr  oils.  Moreover,  salt  is  decidedly  inferior  to 
keroaeue  as  an  inseclicide,  but  sutrcely  leaa  injurions  to  the  plaut;  beuce 
in  the  case  uf  salt  it  isiuuoh  mure  diflicult  to  find  tbe  "right  proportion" 
in  wbiuh  it  could  vffeclually  be  a|)plied;  in  other  words,  tbat  proportion 
*of  salt  which  is  uot  iiijiirioiis  to  lite  plant  will  be  much  too  weak  to  seri- 
onaly  affect  the  worms. 

Nevertheless,  in  view  ol'  tbe  eonatantly  recurring  reuommendations  of 
salt  as  remedy  for  tbe  Cottou  Worms  in  ihe  papers,  we  bad  some  ex- 
penments  made  in  the  field  \>y  Pt'ofessur  Stelle  and  Mr.  Schwarz.  Tbe 
former  gives  the  following  report  in  his  diary : 

^tentrrZr.iasU.— SpriukluiL  two  rowBof  cotton  acroBa 
mads  of  saltpetre  iu  proiiurtiou  of  lounue  to  the  galluD  c 
aiolntioQ  of  cooimoa  Bull,  3  ouuces  to  tbe  gitllon  of  water, 

Septomier  '2S. — Can  see  au  effect  favorable  on  all  tbe  rows  of  cotton  grayed  yester- 
day, tboagb  tbe  worms  have  not  entirely  disappeared  from  any. 

iSapteMtcr  29. — Looking  over  uiy  work  on  Monday,  I  find  considerably  less  worms  on 
the  MtltpetTe  rows  than  where  uotbing  has  lieea  used,  and  very  few  indeed  where  tbe 
oonintoD  salt  was  appliml.  The  salt  baa  slightly  ouiledBOme  of  Ihe  leaves.  Sprinkled 
twv  rows  cutefnlly  witU  uommun  suit  in  proportion  of  2onncea  to  tbo  gallon  of  waMi. 

StptrmhtT  30. — The  rows  sprinkled  with  salt  yesterday  have  shown  no  satisfactory 

This  report  would  seem  to  give  a  satisfactory  result  as  to  tbe  applica- 
tion of  salpeter,  but  uo  furtber  experiments  have  been  made  so  far. 

Macb  less  favorable  is  tbe  following  report  by  Mr.  Scbwarz  on  an 
experiment  made  with  common  salt: 

Angnst  26. — I  applied  common  salt  in  the  proportion  recommended  tome,  vie.,  at  the 
nto  of  I  gallon  of  salt  to  -10  gallons  of  water.  The  salt  was  thoroughly  dissolved  in 
the  water  and  tbe  liquid  applied  by  means  of  the  fountain  pump,  wetting  the  leaves 
on  some  plants  pretty  Iboroiighly.  Upun  examination,  16  hours  afterwards,  a  small 
number  of  dead  worms  (not  lOpircout.  uf  tbe  whole  uoa  bur  J,  mostly  young  ones,  were 
found,  tbe  leaves  being  somewhat  nhrivcled  up  even  where  noteiposod  to  the  sun;  but 
wherever  the  solation  was  applied  thickly  the  leaves  had  assumed  a  peculiar  pale 
green  color  and  wei'U  quite  stiff.  The  worms  did  not  feed  upon  such  leaves,  wbicb,  on 
tbe  second  day,  proved  to  be  killed. 

AngaatSS.^Lpplied  [be  solution  at  tbo  rate  ofl  gallon  of  saJt  to  bO  gallons  of  wMeii 
Ho  flSeot  upon  womu  oboerved  the  next  day  or  afterwards. 
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A  machine  for  the  application  of  the  vapor  of  this  mineral  la  described 
in  Chapter  X[II ;  but,  so  far  as  we  can  see,  the  machine  has  not  been  a&ed 
to  any  extent.  Kor  is  it  probable  that  sulphur  vapor  will  destroy  the 
worms,  when  applied  in  the  open  air. 

BED  LEAD. 

The  following  account  of  experiments  with  this  substance  is  from  Mr. 
Schwarz's  report : 

At  the  Buggestiou  of  Profeaaor  Bamaid  I  made  a  few  experimentB  with  red  load. 
September  4  1  dusted  five  warmBBlightl;  with  th«  powder  andplaccd  them  in  »  glsM 
jar  together  with  a  few  freali  leaves.  No  effect  Tisihle  after  tweuty-fonr  or  forty- 
eight  hoars.  Plac«d  a  few  worms  in  a  glaaa  jar  and  fed  them  with  leaves  tbtckly 
dusted  with  red  lead.  AfCereigbthooTS  no  effect  visible,  bat  the  worms  did  not  seem 
Co  have  eaten  of  the  leaves.  After  twenty-four  honrs  three  of  the  worms  were  dead, 
two  otbers  showed  the  color  peculiar  to  those  poisoned  by  Paris  greeu  or  London 
pnq>le  aud  di''d  in  the  course  of  the  day. 

September  19. — Red  lead  diluted  with  five  paru  of  flour  and  the  mtxtuTe  thrown  on 
same  ptauts  which  were  fairly  alive  with  yonng  worms.  Twenty-four  hours  after. 
wards  some  poisoued  worms  were  found ;  thirty-six  boots  after  application  some  more 
dead  worms,  bnt  in  the  mean  time  most  of  the  mixture  hod  been  washed  away  by  a 
heavy  rain,  and  the  remaining  worms  were  safBoient  to  defoliate  the  plants.  I  fully 
believe,  however,  that  this  mixture  would  hare  been  efflolent  to  protect  the  plant  if 
the  rain  had  not  interfered. 

September  22. — Applied  a  mixture  of  one  part  red  lead  to  ten  of  floor.  Within  iS 
hours  I  noticed  a  few  dead  yonng  worms,  presumably  killed  by  the  poison,  bnt  most 
of  the  worms  were  not  afiected,  or,  if  so,  not  serioualy  affected.  I  had  no  farther  op- 
portunity to  experimeut  with  this  substance,  but  do  not  believe  it  can  be  advauta- 
geouHly  nsed  as  a  Hubutitiite  for  Paris  green  or  London  purple,  asitevidently  doesnotact 
so  powerfully  as  either  of  the  two.  Further  experiments  are,  however,  neceeaary  to 
obtain  a  definite  opinion  regarding  its  value  aa  an  insecticide.  Its  price  (ao  far  as  Inn- 
stood)  is  cheaper  than  Paris  greeu,  but  more  expensive  than  London  purple.  Its 
Talueas  an  insecticide  will,  of  coarse,  depend  also  npon  its  infinence  on  the  plant,  aeir- 
OumstaDce  to  which  I  omitted  to  pay  attention,  though  there  was  certainty  no  marked 
injurious  influence  in  my  experiments. 

BOAB  DUST  AND  ALLIED  SUBSTANCES. 

The  protection  from  the  attacks  of  the  worm  and  the  prevention  of 
the  ovipositing  of  the  moth  aocomplisbed  by  thickly  dusting  the  leaves 
on  both  sides  has  already  been  mentioned  on  page  126.  It  still  remains 
here  to  speak  of  the  property  of  road  dtist  to  driveoffor  kill  the  worms. 
If  a  powerful  jet  of  water  is  directed  on  the  soil  at  the  base  of  the  plant 
so  as  to  splash  the  softened  mad  on  tlie  lower  leaves,  the  worms  on 
them  will  be  covered  with  the  soil  and  many  of  the  young  ones  are 
unable  to  remove  it.  They  fall  to  the  ground  aud  exhaust  themselves 
in  frantic  and  frnltless  efforts  toclean  themselves.  The  sameresult  can 
be  accomplished  by  throwing  dry  dust  on  the  plant  during  or  shortly 
after  r&iny  weather,  or  after  the  plants  have  been  thorongtily  wetted 
with  a  sprinkler. 

Not  every  kind  of  dast  is  suitable  for  this  parpose,  and  for  utfliziog 
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it  as  a  anbstitate  for  Sour  io  the  application  of  arsenioal  poisons  and 
pyrethnun  powder.     On  this  subject  lilr.  Schwarz  reports  as  follows : 

At  Gnt  I  selected  dust  from  the  nearest  rodd  at  hand  and  allied  it  tbroagh  a  very 
fine  sieve  covered  with  a  qnodrnple  layer  of  fine  muslin.  I  fonnd,  however,  that  thil 
dost  waa  largely  cumpoaed  of  particlea  of  sand  without  any  adhesive  power  whatever, 
and  which,  moreover,  rendered  the  dust  very  heavy  and  quite  unsnitable  for  any  ex- 
periment. This  sand  is  very  fine,  and  I  failed  toelimiuateitbynsinptadditiouaUiiyera 
of  mndin.  I  did  not  succeed  better  with  dnst  prepared  from  the  dry  olay  ho  couimou 
along  the  river  bank  near  Selma.  Finally  I  obtained  a  Buitable  very  tine  duet  by 
aifting  the  tioh  black  earth,  whiish  of  conrse  I  had  pieviously  well  dried.  This  dust  is 
comparatively  light,  and  of  considerable  adhesive  power  even  in  dry  weather. 

While  we  attacb  bnt  limited  value  to  dost  either  for  preventing  the 
moths  fit>m  ovipositing,  driving  off  the  worms,  or  killing  tbem  in  the  man- 
ner just  mentioned,  still  it  might  prove  valuable  as  a  diluent  for  arsen- 
ical poisons  where  flour  and  other  diluents  cannot  be  obtained,  and 
more  attention  ought  to  be  paid  to  this  cbeap  and  easily  obtainable 
substance  as  a  remedy  for  viirious  insect  pests  other  than  the  Cotton 
Worm.  The  insecticide  property  of  dnst  mentioned  in  this  connection 
is  not  peculiar  to  road  dust  aloue,  but  is  possessed  by  every  substance 
which  adheres  to  the  worms  in  a  sticky,  paste-like  covering.  Thus  by 
the  apphcation  of  dour  stirred  up  in  water  many  small  worms  may  be 
killed,  and  the  only  results  obtained  by  our  agents  in  the  application  of 
diluted  dough  and  yeast  are  attributable  to  their  action  in  the  manner 
here  alluded  to. 

0JZ8  ASD  ALLIED  SUBSTANCES. 

EEBOSEKE. 

It  is  a  well-known  fact  that  this  is  a  mostpowerful  insecticide,  and  ex- 
periment has  shown  that  a  flue  spray  of  kerosene  applied  to  the  leaves 
will  kill  all  worms  thereon  in  a  remarkably  short  time.  This  deadly 
effect  is  prodoce^l  by  contact,  a  very  small  quantity  of  the  oil  applied 
to  the  worm  causing  death.  We  have  thus  a  very  cheap  aud  sure  rem- 
edy, which,  moreover,  cannot  be  called  poisonous  to  higher  animals,  but 
unfortunately  the  oil  has  the  same  pernicious  effect  on  the  plant  as  on 
insect  life,  and  the  problem  is  to  apply  it  in  such  fine  spray,  or  so  much 
diluted  as  not  to  injure  the  plant  and  at  the  same  time  touch  every  worm. 
The  finest  spray,  produced  by  a  parlor  atomizer,  of  the  uudiluted  oil  is 
snfiieient  to  kill  the  leaves,  the  cotton  plant  proving  to  be  excecdiugly 
sensitive  to  the  effect  of  the  oil,  much  more  so,  in  fact,  than  many  other 
plants.  The  use  of  the  undiluted  oil  being,  therefore,  impracticable, 
there  remains  only  to  try  to  apply  it  in  dilution.  The  only  available 
diluent  hitherto  known  being  water,  a  new  difflculty  arises,  viz.,  to  mix 
the  oil  with  the  water  so  as  to  produce  a  homogeneous  or  nearly  homo- 
.  geneoos  mixture  of  the  two.  To  a  limited  extent,  and  only  on  a  small 
scale,  this  can  be  accomplished  by  very  violently  agitating  the  mixture, 
^lore  useful,  but  also  practicable  only  on  a  small  scale,  is  the  following 
method,  recommended  by  Mr.  William  Saunders,  of  the  Department  of 
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Agricultnie:  -'The  requiBiteamoantof  kerosene  and  water  is  placed  in 
a  barrel  or  pail,  and  with  the  syringe  a  BjriugeAil  several  times  Bgnirt«d 
into  the  barrel,  when  the  inixtare  mast  be  quickly  applied  before  the 
oil  and  water  eeparate."  When  converted  into  soe^  by  means  of  lye  and 
boiling,  kerosene,  like  any  other  oil,  can  easily  be  dilated  with  water  to 
any  extent,  but  loses  in  thiB  form  mnch  of  its  deadly  quality ;  hence  its 
application  in  soap  form  has  bnt  little  effect  on  the  Cotton  Wonn,  thoagh 
it  is  more  useful  for  many  other  insects  more  readily  affected  by  b^m>- 
naceona  compounds. 

When  mixed  with  a  snffiffiently  large  qnantity  of  wood  ashes,  kero- 
sene can  be  applied  to  the  leaves  without  damaging  them,  bat  the  mix- 
tnre  cannot  be  sprinkled  in  particles  small  enough  to  have  much  ^fiact 
oa  the  worms.  A  patent  was  obtained  by  Mr.  George  W.  Powell,  of 
Halifax  County,  Virginia,  in  April,  1876,  for  the  simple  mixture  of  one- 
half  pint  of  kerosene  to  one  quart  of  flue,  dry,  well-sifted  wood  ashes. 
The  patentee  claims  that  by  sprinkling  or  scattering  this  preparation 
lightly  over  the  plants  it  will  drive  off  or  destroy  insects  of  every  kind 
without  injury  to  the  leaves. 

An  attempt  has  been  made  to  apply  the  oil  in  form  of  vapor  by  meuis 
of  steam.  There  is  no  question  bat  that  the  worms  are  killed  by  this  ap- 
plication, and,  perhaps,  without  injury  to  the  plant ;  but  the  machine 
necessary  for  tlut  production  of  tbe  vapor,  which  will  be  described  far- 
ther on,  is  so  ponderous  and  awkward  as  to  be  of  no  practical  valae. 

The  above-meutioued  methods  of  applying  kerosene  are  of  little  or  no 
valae  in  our  warfare  against  tbe  Cotton- Worm  but  ao  importewt  step  to- 
ward apractical  solution  of  this  difficult  qaestiou  was  made  in  the  summer 
of  1880.  Professor  Barnard,  while  in  the  field  at  Selma,  Ala.,  suggested 
the  use  of  milk  as  a  medium  to  facilitate  the  mixing  of  kerosene  and 
water.  First  it  was  found  that  the  oil  mixes  mnch  more  readily  witJi 
tbe  milk  than  with  water.  If  a  small  quantity  of  the  oil  is  stirred  up 
in  a  much  larger  quantity  of  milk,  the  oil  particles  will  remain  much 
lunger  suspended  in  the  milk  than  in  water,  thus  permitting  a  practical 
application  of  the  mixture.  It  was  further  found  that  even  a  large  pro- 
portion of  the  kerosene  could  be  mixed  with  milk  by  violently  shaking 
np  the  closed  vessel  containing  the  mixture.  Thus  one  part  of  kerosene 
to  two  parts  of  milk  would  unite  after  several  minutes'  shaking  to  form  a 
kind  of  emulsion,  in  which  tbe  two  ingredienbi  did  not  separate  until 
after  many  hours,  and  which  then  could  always  be  restored,  by  shaking, 
to  its  apparently  homogeneous  condition.  Though,  in  the  light  of  subse- 
quent discoveries,  this  emulsion  proved  to  be  a  very  imperfect  one,  and,  in 
fact,  no  emulsion  at  all,  but  only  a  more  or  less  finely  divided  mixture  of 
the  oil  and  milk,  still  it  was  foutid  most  useful  for  experimentation  on  a 
small  scale  and  vastly  superior  to  any  of  tlie  old  methods  of  applying 
kerosene.  Therewas  nodifficulty  experienced  in  experiments  on  a  small 
scale  in  diluting  this  emulsion  of  one  part  of  kerosene  with  three  parts 
of  milk  with  any  deaired  quantity  of  water.     A  portion  of  the  oil  sep- 
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arated  soon  and  rose  to  the  sorface  of  the  water,  bat  the  larger  por- 
tioD  of  the  oil  remained  saapended  io  the  water  for  a  considerable  length 
of  time.  Wbatever  were  the  shortcomings  of  this  discovery  at  the  time, 
we  called  attention  to  it  id  a  comnranication  to  the  Sci^itijio  Ameriean,' 
and  it  is  ditBcnlt  to  understand  why  ita  importance  was  not  fully  ap- 
preciated by  all  interested  in  economic  entomology.  As  it  waa  it  proved 
to  be  the  stepping-stone  to  the  saccessfal  solution  of  the  problem  of 
mixing  kerosene  with  water  wjtboat  changing  the  natnre  of  the  former. 
This  mode  of  obtaining  a  perfect  and  stable  emaUion  was  discovered  by 
Mr.  Hubbard  while  experimenting  with  kerosene  for  scale-insects  afiect- 
.  ing  the  orange  tree.    We  qnote  his  description  of  itt 

"The  proc«M  of  forming  a  perfectly  stable  emnUion  of  keroeeae  and  milk  ia  compar- 
able tn  that  of  ordtaar;  batter  making,  and  is  aa  follows ;  Tbe  oil  and  milk  in  an; 
dMilred  propartiona  are  poored  together  and  very  violent];  dashed  or  chnnied  for  a 
pariod  of  time,  varying  with  the  temperatnTe,  Horn  fifteen  to  fort;-QTe  minatee.  The 
cfanming,  howevei,  reqaires  t«  be  ronob  more  riolent  than  can  be  effected  with  an 
ordinary  bntter-ohnm. 

"  Tbe  Aqnapnlt  force  pnmp  •  ■•  ■  maybesatiafBctorily  need  for  this  patpoM  where 
moderate  quantities  only  are  rnqnired.  The  pnmp  shonld  be  inserted  in  a  pall  or  tub 
containing  the  Itqnida,  which  am  then  forced  into  ddioh  by  continnooe  pnmping  back 
into  tbe  aame  receptacle  through  the  flexible  hose  and  spra^-nozule.  After  passing  once 
ortirioe  tlirongh  this  pnmp  the  liquids  unite  and  form  a  oreamy  emuUtou,  in  which 
finely  diTided  particles  of  oil  can  plainly  be  detected.  This  ii  as  far  as  the  process 
wn  be  oarried  by  stirring  or  by  dashing  in  an  ordinary  churn ;  the  product  at  this 
point  will  not  bear  diluting  with  water  and  separates  or  rises  at  once  to  the  siirface. 
Co  continued  chnming  throngh  the  pnmp  the  liqnid  Anally  cnrdles  and  suddenly 
thickens  to  form  awhite  andgliBt«Ding  butter,  perfeotly  homogeneous  in  t«xtaie,and 
■table. 

"The  whole  amonnt  of  both  Ingredients  solidify  together,  and  there  is  no  wbey  or 
other  residue ;  If,  however,  the  quantity  of  the  mixture  is  greater  than  can  be  kept 
in  constant  agitation,  a  portion' of  the  oil  is  apt  to  separate  at  the  moment  of  emulm- 
fleation  and  will  require  the  addition  of  a  few  onnees  of  milk  and  fiirther  chnming 
for  ite  reduction. 

"  This  kerosene  batter  mixes  readUy  in  water,  care  being  taken  to  thin  it  first  with 
a  small  qnantity  of  the  liqnid.  Tbe  time  reqnired  to  "  bring  the  butter"  varies  with 
the  remperatnre.  At  60°  F.  it  is  half  to  three-quarters  of  an  hour;  at  75°,  fifteen 
minntea,  and  the  proeees  may  be  still  further  facilitated  by  heating  the  milk  up  to, 
but  not  past,  the  boiling  point.  Eitherfresh  or  sour  milk  maybeneed,  and  the  latter 
in  even  preferable. 

"  The  presenoB  of  kerosene  does  not  prevent  or  hinder  the  fermentation  of  the  milk ; 
on  standing  a  day  or  two  the  milk  cnrdles,  and  although  there  Is  nu  separation  of  the 
oil  the  emulsion  thickens  and  hardens  and  reqniree  to  be  stirred,  bnt  not  ohumed, 
nntil  it  regains  ita  former  smoothness. 

"If  sour  milk  is  used  no  farther  fermentation  takes  place,  and  if  not  exposed  to  the 
air  the  kerosene  batter  can  be  kept  unchanged  for  any  length  of  time.  Expoeate  to 
the  air  not  only  pennita  the  evaporation  of  the  oil  but  also  of  the  water  neoeflsary  to 
hold  tbe  oil  in  emolsion;  the  kerosene  slowly  separates  ae  the  emulsion  dries  np  and 
bardena 

"  Kerosene  emulsions  may  be  made  of  almost  any  strength;  the  quantity  of  milk  re- 
qnired to  hold  the  oil  does  not  exceed  one-tenth.  Bnt  emulsions  cnntainiug  over  BO 
)>eT  oent.  of  the  oils  have  tno  li){ht  a  speclflo  gravity  and  are  not  too  readily  held  in 
•oipenaion  in  water.    On  tho  other  hand,  the  process  of  emulsiflcntion,  kerosene  loses 
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aportioQof  it8Valiieasaniii8eotioida,aQdemnltioi)eooiitainlngle8a  thaoSOper  cent. 
of  th«  oil,  atttiongh  they  do  not  at  all,  or  only  very  alowl;,  rise  to  the  enrflMe  when 
diluted  with  coiisiderabte  qnantitieeof  water,  aie  nerptthelesa  too  mnch  weakened 
for  effiMtive  me  agaiiut  Sosle  ioBBol*. 

"The  killiDK  power  of  a,  dilated  emnlBkiBdepMtdalaHnpaii  the  amount  of  emnlflian 
used  In  the  aolation  than  upon  the  pei«eiktagi>  of  oil  oontained  in  tbe  emulsion.  To 
increase  IheeffioieDoyof  an  application  we  sbonld  rather  add  to  the  peroentagvof  oil 
in  the  emnlHion  than  increase  the  grow  amount  of  emnlajon  need  in  a  single  applica- 
tion, the  amount  of  the  dUaent  remaining  <n  each  case  the  same." 

The  foUowtDg  emnlsjoua  were  nsed  in  ttie  orange  inaect  investigation 
by  Mr.  Habbarll,  and  were  pablisbed  in  the  Annual  B«port  of  the  De- 
partment of  Agricnltnre  for  1881  and  1882,  p,.  115: 

Kerosene,  1  pint ;  eonr  cow's  milk,  2  flaid  onnoes,  dashed  with  a  ladle ;  ij  dracbnis 
of  powdered  obalk  was  firet  added  to  the  milk,  and  2  ounces  water  during  the  etirrJDg. 

An  imperfect  emnlsion  not  readily  enspended  in  water. 

Kerosene,  1  qnart;  solution  of  condensed  milk,  3  parta;  water,  5  parta,  12  flaid 

Emulsion  made  by  epraying  through  the  Aquapnlt  pomp  and  back  lnt«  the  pail. 
Stable,  and  readily  suspended  in  water. 

Kerosene,  1  quart;  condensed  milk,  12  flnid  ounces,  diluted  with  water,  96 ounces; 
emulsified  with  the  Aqnapult. 

Kerosene,  25.6  fluid  ounces ;  condensed  milk,  A.S  flnld  onnoes ;  water,  14.4  ounces ; 
emnlsifled  with  pump. 

Kerosene,  2  quarts;  condensed  milk,  12  flaldoaDce8(l  can),  water,  SO  onnces;  with 

Kerosene,  3  quarts,  4  fluid  onnoes;  condensed  milk,  12  fluid  ounces;  water,  24    - 
ounces;  with  pump. 

The  following  kerosene  and  soap  eumlsion  has  more  recently  been 
recommended  by  Mr.  Hubbard : 

Kerosene,  S  gallons.    Common  soap,  }  pound ;  water,  1  gallon. 

Heat  the  mistnie  of  soap  and  water,  and  add  it,  boiling  hot,  to  the  kerosene.  Cbnm 
tbe  mixture  by  means  of  a  force-pump  and  spray  nozzle  for  five  or  ten  minnles.  Tlie 
emulsion,  if  perfect,  forms  a  cream,  which  thickens  on  cooling,  and  should  adbeie 
without  oiliness  to  the  surfaoe  of  glass.  Dilute,  before  using,  1  part  of  tbe  emulsion 
with  9  parts  of  cold  water.  The  above  formnla  gives  3  gallons  of  emulaion,  and 
makes,  when  dilated,  30  gallons  of  waab. 

With  this  important  disoover;  a  wide  field  for  fnrther  experimentation 
with  kerosene  has  been  opened,  while  at  the  same  time  the  perfected 
atomizing  machines  permit  the  kerosene  water  to  be  applied,  even  on  a 
large  scale  and  from  below,  iu  sacb  fine  spray  as  to  greatly  lessen  the 
danger  resulting  from  the  iafiuence  of  the  kerosene  on  the  i)liiDt.-i. 
These  iin|irovements,  in  material  as  well  as  in  appliances,  beiug  of  recent 
date,  we  have  had  but  little  opportunity  to  try  them  in  the  field  for  the 
Cotton  Worm.  The  experiments  in  1880  of  Mr.  Schwarz,  and  npoo 
which  he  gives  the  following  report,  were  made  with  the  imperfect  emnl- 
sion  mentioned  above : 

In  my  experiments  with  kerosene  1  uniformly  nsed  an  emntsion  of  1  part  of  kero- 
sene to  3  parts  of  milk.  In  view  of  the  opinion  expressed  by  Frofesw>r  Comatock  that 
suirh  emul»ioa  cannot  be  diluted  with  water,  I  would  state  that  neither  Profeuor 
Bamanl  nor  mj-self  cxperionced  tbe  slightest  difSculty  In  this  respect.  This  dis- 
crepancy is  in  all  probability  due  to  the  circnmstanoe  that  onr  experimeuta  irete 
oatried  on  on  a  small  scale,  where  tbe  difflcultlea  iu  mixing  the  two  Ingredients  ara 
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lutrdl;  fblt.  HoieovsT,  Profesani  Comatock'B  "  amnlaloa  "  may  hftve  been  less  perfect 
than  tliAt  nwd  by  onraelyea.  Tlie  keroeeno  water  was  applied  in  the  following  exper- 
Iroentsby  means  of  a  band-atomiier,  becanse  from  former  experience  I  felt  oonvinced 
thali  the  oil  can  snocesafiilly  be  applied  only  in  the  form  of  the  finett  spray.  Refined 
keroeeoe  was  tued,  instead  of  orade  coal  oil,  beonoae  tbe  former  was  more  readily 
procured  at  Selma  than  tbe  latter.  From  my  expetlenoe  with  the  emde  ooal  oil  tu 
1679, 1  am  Inclined  to  think  that  there  is  not  mnoh  difference  between  the  two,  either 
in  regard  to  insecticide  property  or  to  their  injnrioas  effect  on  the  plant.  The  chief 
difScalty  to  overcome  in  the  application  of  kerosene  being  the  susceptibility  of  the 
plant,  a  aeries  of  experiments  was  first  oarrted  on  to  ascertain  the  proportion  of  the 
oil  that  conid  be  appliud  without  harm  to  the  plant.  This  was  In  the  fiiBt  port  of 
September,  when  bat  very  few  worms  were  at  hand. 

The  emnlaion  wns  liist  diluted  with  Ave  times  that  amonnt  of  water,  thns  giving  1 
part  of  the  oil  to  19  parts  of  milk  and  water ;  thea  with  ten  times  that  amonnt  of 
water,  and  then  used  in  still  weaker  dilations.  That  the  stronger  mixture  considera- 
bly aeorched  the  plant  was  to  1>«  expected,  bnt  I  wonld  uientiou  in  this  oonneotion 
that  a  mixture  of  1  part  of  kerosene  to  abont  S5  parts  of  water,  which  waa  incident- 
ally applied  to  a  few  com-stalka  and  oow  peoe,  did  not  seem  to  injure  those  plants. 
The  limit  where  the  spray  is  lees  injnrions  to  the  plant  begins  with  a  mixture  of  abont 
1  part  of  oil  to  130  parts  of  water,  bnt  I  cannot  give  inexact  figures  the  mixture  that 
canaafely  be  applied  to  the  plant,  aamnch  dependeon  the  amonnt  of  the  flnid  actually 
applied.  With  a  small  hand-atomizerthe  leaves  nearest  at  hand  receive  a  mnoh  larger 
amount  of  the  flnid  than  those  farther  off,  tbe  force  of  the  spray  which  strikes  fnllest 
the  nearest  leaves  nndonbtedly  incrensing  the  Inflnenoe  of  the  oil.  A  mixture  of  1 
part  of  the  oil  to  IHO  parts  of  milk  and  water,  when  moderately  applied,  is  not  injnri- 
o«u  to  tbe  leaves.  In  tbeae  and  the  above-given  figures  I  have  not  included  the  excess 
of  the  oil  which  floats  on  the  snrface  of  the  mixture,  and  which  I  took  care  not  to  ap- 
ply to  the  plant.  How  ranch  this  excess  is  in  proportion  to  the  amonnt  of  oil  used  in 
preparing  tbe  eranlsion  I  had  no  means  to  determine,  bnt  the  amonnt  of  oil  octnally 
apidied  to  the  plants  is  at  any  rate  smaller  than  the  figures  given  above.  Old  leaves 
and  bolts  are  the  least  liable  to  be  Injnred  by  the  keroeen«  spray ;  very  young  shoots 
and  squares  soraewhat  more  so,  while  yonng  leaves  Ailly  developed  and  blossoms  are 
moat  readily  affected.  In  bright,  hot  weather  the  effect  of  the  oil  on  tbe  plant  Is  visi- 
ble in  a  few  hours,  dry  and  crisp  spots  appearing  on  the  leaves,  and  extending  more 
and  more^  according  to  the  amonnt  of  strength  of  the  kerosene  mixtnre.  In  cloudy 
weather  the  effects  are  leas  marked,  and  appear  much  later.  Another  series  of  experi- 
ments was  carried  on  with  avlew  of  ascertaining  the  minimnni  amonnt  of  the  oil  neces- 
sary to  kill  tbe  worms.  Pure  kerosene,  or  strong  kerosene  water,  when  sprayed  upon 
tbe  worms,  bos  very  mnch  the  same  effeet  as  beniiue,  young  worms  collapsing  at  once 
and  dying  in  less  than  two  minutes.  Old  worms  ore  not  so  quickly  killed;  they  do  not 
show  any  signs  ot  pain,  and  die  without  falling  into  violent  convnlsions.  The  effects 
of  diluted  kerosene  wat«r  on  average-sized  wurma  are  not  imrtantaneous,  as  with 
pyrethmm,  but  if  the  worms  are  not  affected  within  l&minut«s  after  applicntlou  they 
have  either  not  come  into  contact  with  the  oil,  or  the  mixture  was  too  weak  to  have 
any  effect.  For  very  young  worms,  f.  *.,  not  over  two  days  old  (in  the  month  of  Sep- 
tember), a  very  weak  mixture  seems  to  be  snOlcient,  but  with  the  fcrowth  of  the 
worms  the  resisting  power  is  cousiderably  increased.  The  mixtnre  of  1  part  of  the 
oil  to  160  parts  of  water  is  not  sufficient  to  kill  the  average-sized  worm,  If  applied  in 
very  fine  spray  and  in  moderate  quantity;  that  of  1  part  of  oil  to  120  parts  of  water 
is  sufficient  to  kill  the  worms,  bnt  in  all  cases  where  I  applied  this  mixture  so  aa  to 
kill  the  worms  the  leaves  were  considerably  injured. 

The  ImproTement  made  in  the  atomizing  macliines,  -wbich  obviates 
entirely  tiie  danger  of  clogging,  snggeats  another  method  to  lesBen  tbe 
injariouB  inflnence  of  the  kerosene  on  the  plant,  viz.,  by  the  addition  of 
a  quantity  of  very  finely  sifted  vood  ashes  to  the  kerosene  Tat«T,  tbe 
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idea  being  that  the  excess  of  the  oil  on  the  sarface  of  the  leaves  would 
be  takeu  np  by  tbo  ashes,  and  thus  prevented  ftom  entering  iuto  the 
syBtem  of  the  plant,  while  at  the  Bame  time  the  ashes  woald  not  inter- 
fere with  the  effect  of  the  oil  upon  the  vorms. 

The  following  occoont  of  Dr.Neal's  experiments  with  improved  kero- 
sene emalsions  is  from  his  report,  published  in  Bulletin  1  of  the  Bn- 
tomologicat  Division: 

As  directed,  I  hftve  confined  mj  experiments  to  emnlBions  of  kerosene,  And  noted 
the  effects  of  ftp plioatiuDB  of  such  solntfons  apon  the  cotton-plants  and  Cotton  Wonns. 

H;  efTort-s  were  made  to  determine:  1.  Sa^ataaces  best  adapteil  to  emnlsifj  kero- 
sene; S.  Maximum  diintion  of  kerosene  destmcttve  to  the  Isrvra;  3.  Minimum  dila- 
tion of  kerosene  destmctive  to  the  ootton-pUnt«. 

It  was  soon  A{ipai«nt  that  kerosene  ooold  not  bo  nsed  to  advanta^  simply  with 
water,  from  its  tendenof  to  collect  at  the  top ;  nor  if  the  water  were  made  slightly 
alkaline  or  acid  would  moch  benefit  be  observed. 

A  strong  solution  of  varions  soaps  made  a  good  emalsion,  presenting  some  points  of 
advantage. 

Soda  eoap,  potash  soap,  whale-oil  eoag),  aud  other  Tarietlea  were  tried,  bat  a  cheap 
grade  of  yellow  bar-soap,  especially  one  in  which  rosin  was  largely  nsed,  proved  best, 
and  suggested  the  manufaotare  of  a  soap  containing  a  still  larger  qnantity  of  rosin, 
which  oould  be  cheaply  sold  for  this  purpose. 

After  many  trials  I  found  that  4  pounds  of  this  soap  to  1  gallon  of  hot  wat«r  would 
emulsify  1  gallon  kerosene,  forming  a  gelatinous  oompound  that  was  quite  stable. 

Less  than  this  percentage  of  soap  acted  badly  with  kerosene,  and  a  greater  amount 
did  not  appear  toemnlsify  a  large  amount  of  kerosene. 

This  mixture,  containing  50  per  cent,  keioaene  and  costing  36  oents  per  gallon,  1 
adopted  oe  a  standard. 

I  prepared  the  following  dilutions ; 

A.  One  gallon  standard  solution  to  94  gallons  water,  3  per  cent.  Iceraaene,  cost  1.04 
cents  per  gallon. 

B.  One  gallon  standard  solution  to  39  gallons  water,  l.ifS  per  cent,  kerosene,  cost 
0.65  cents  per  gallon. 

C.  One  gallon  standard  solution  to  49  gallons  water,  1  per  cent,  kerosene,  cost  0.53 
cents  per  gallon. 

D.  One  gallou  standard  solution  to  79  gallons  nat«r,  0.635  pci  cent,  kerosene,  cost 
0.335  cents  per  gallon, 

E.  One  gallon  stsndoid  solution  t«99  gallons  water,  0.5  percent  keroseue,  cost  0.S6 
cents  per  gallon. 

Emulsions  A,  B,  and  C  preaente4  a  milky  color,  and  were  qnito  permanent;  D  and 
E  showed  souie  tendency  to  disintegrate  after  fbur  days'  standing. 

I  tried  solutions  of  many  native  plants,  and  found  the  samia  Buely  adapted  for  an 
emulsion,  especially  when  used  immediately. 

Six  pounds  of  camia  ''roots"  were  washed  and  grated.  The  pulp  boiled  an  hour 
iu  \i  gallons  of  water ;  then  strained,  and  while  hot  stirred  in  4  onnocs  sal-soda.  This 
emulsified  1  gallon  kerosene,  forming  a  beantifnl  pinkish  Jelly,  containing  25  percent, 
kerosene,  costing  G  ceuts  per  gallon.  One  gallon  of  this  solution  nasailded  lo34  gal- 
lons of  water.  This  emulsion  contained  1  per  cent,  kerosene,  and  cost  0.34  cents  pet 
gallon. 

Dextrine,  starch,  flour,  mucilage  of  bene  (sesamum)  leaf,  mncilageof  root  of  Pteri* 
aguiliita,  and  oIh>'r  snbstances  were  tried,  but  proved  to  be  of  little  value. 

.Wi7t  i-muN/oB*.— By  gradually  adding,  with  agitatiom  one  gallon  kerosene  to  one 
gallon  truth  milk,  nn  elogant  emnlsinn  iva.i  formed  that  bore  dilution  well,  but  as 
fresh  uitlk  is  ortou  not  attainable  the  comleused  milk  was  used,  and  the  following 
snemed  most  easily  made: 

One  inriuunUenwHl  milk  dilute  with  Hve  parts  water;  lo  this  add  KTadnally  eight 
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parts  keiDMua,  with  vigoTOQB  ajiitatioD.     When  the  lerosene  disappears,  add  three 
parta  water,  and  agitate  till  a  homogeneoua  omolBiOQ  is  formed. 
Thi«  iamore  pleaaant  to  tiM  tbao  soapy  solutions,  and  costa~- 

Staodaid aolDtioa,  60  percent,  kerosene 3S 

Dilation  A',  3  per  cent,  karosene 0.88 

Dilation B',  1.S&  percent.  kenMsne 0.66 

Dilation  C,  1  per  cent,  kerosene 0.44 

Dilation  C,  Q.2E>  per  cent,  kerosene 0,3!S 

Dilation  E',  5  per  cent,  ketoeene 0.22' 

The  A'  and  B'  were  not  stable  longer  than  t  vo  days ;  tiie  remainiDS  dilntlons  barely 
oae  day. 

With  the  exoeption  of  the  sunia  emnlsian,  all  others  were  better,  to  nse  the  di^  of 


A  mix  tore  called  morvite  WM  sent  me  for  trial.  It  gave  almiUr  teanlta  to  themilk 
earalsioDS,  vben  dilated  in  a  corresponding  manner. 

EfftoU  >pMi  IXtCotUm-pltmt. — These  varied  greatly,  oiriDg  to  tlie  weather  anbseqoeat 
to  the  applieatlon. 

Emolsions  A  and  B,  A',  B',  1^  to  2  per  cent,  kerosene,  dldnot  harm theootton-plant 
if  two  olondy  or  showery  days  followed  their  nse.  A  bright  annny  day  scorched  the 
tips  and  edges  of  the  tender  leaves  badly. 

EmalaionB  C,  D,  and  E,  C,  D*,  E',  prodnced  no  bad  reeolts  npoa  leaves  oc  bolls, 
and  were  repealodly  tried,  with  nalform  eSbots. 

EjfeeU  ttpoM  Larva. — I.  I  coloniEed  five  hundred  foll-gTowD  larvn  npon  five  ootton- 
plan-ta,  and  spiayed  them  with  emnleion  A,  soap  serlea.  In  five  mlDntea  forty  larvte 
dropped  off  the'  plants,  trembled,  and  soon  died ;  in  ao  honr  bat  one  hundred  re- 
mained, none  feeding,  all  hanging  from  the  Items  and  leaves ;  in  three  hoars  bateight 
■arvived;  the  next  day  all  were  dead,  and  the  cotton-leaves  badly  withered. 

2.  I  piepBiedfortj'galloiisof  eolation  B',  milk,  andsprinkledtboroDgbly  one-fonrth 
acre  of  ootton.    The  stalks  average  7  feet  in  height,  and  the  worms  were  very  plentiful. 

The  next  day  apparently  bat  one  in  each  bnndrad  was  living;  the  day  foltowiag 
that  the  difference  was  qalte  nuuked,  and  at  this  time,  three  weeks  afterward,  the 
•nmnndlagcottoa  is  defoliated, the  sprinkled  aeationreaiaining  vigoronsand  green. 

3.  I  ooloniied  one  hnndied  larvta,  all  aget,  on  a  ootton-plant ;  sprayed  these  with 
solnHon  C,  milk,  fifteen  worms  fell  off  in  twenty  mtnates ;  the  remalader  quit  feed- 
ing.   The  next  morning  bat  two  reaiained,  feebly  alive. 

4.  Ooehnndied  large  lum  were  colonised  and  eprayed  with  eolation  D',  milk.  In 
ten  minates  tea  dropped  off;  In  half  an  hoiii  bat  thirty-five  showed  vitality ;  in  four 
honn  all  were  dead. 

5.  Ooe  handred  larvn,  small  size,  were  sprayed  with  the  one  per  oeat.  kerosene- 
Eamla  emnlaion  ;  all  died  within  an  honr, 

6.  One  handred  small  larva  sprayed  with  etnalsioa  B,  soap,  died  in  one  bonr. 

7.  Three  hnndred  large  larvn  were  sprayed  with  eolatiaa  C,  milk.  The  next  day 
but  twelve  showed  signs  of  life,  and  they  were  evidently  moribund. 

>i.  Three  hundred  large  larv«  were  sprayed  with  the  Eamia  emnlsion;  all  died 
within  fonr  hours,  and  the  repetition  of  experiment  3  with  this  eolation  gave  better 
reeolts  than  with  milk  ot  Map  emnUons,  the  camia  perhaps  coDtriboting  some  toxie 

I  repeated  theee  experiments  with  all  the  emnlalona  till  satisfied  that  an  emnlsion 
of  one  per  cent  kerosene,  thonraghly  applied,  was  fatal  to  all  larvn  It  reached,  and 
barmleeB  to  the  cotton-plant. 

I  noted  that  as  soon  as  sprinkled  the  small  larve  stopped  eating,  straightened,  and 
qnickly  fell  to  the  gtonnd.  Older  larvES  woold  tremble,  evaoaate  faces,  and  hang 
snspeaded  some  time.     The  anal  extremity  lived  longest. 

The  addition  of  oae  ponnd  anlphide  of  potasslnm  to  forty  gallons  of  any  emnlsiDa 
seemed  to  incrpaee  the  rapidity  of  its  toxie  actios,  but  it  is  ottjeotionable  aa  to  smell 
and  its  dMtraotlve  action  npon  mbber  hose. 
63  COHG 11 
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Tbe  BDlpbidea  vill  bear  fnrtlieT  itridr. 

SttU,  with  all  the«e  emnlaiona,  their  ohekpneH  uid  Hkfety,  1  have  a  gniT«  dovbt  as 
to  the  appllcabilit;  of  any  to  lonK-stuple  ootton. 

I  tried  a  Dumber  of  ezperlmenta  to  detenaine  the  minimimi  qnnntitf  needed  to 
thoronglily  npray  an  oareof  cotton  during  Aognst  or  Sept«inber.  In  one  very  oare- 
fully  couduoted  espertment  I  fonnd  most  of  the  plant*  averaged  0  f^t  high,  lit  rows 
of  4  feet  apart,  and  2  ftet  between  the  plants  in  the  d^ ill. 

In  thU  case  160  gallons  bareiy  safflced  tor  oue-half  an  acre,  and  aa  it  oonld  not  be 
applied  ftem  aoart  it  was  hand -carried.  Two  field  luuidB  required  fonrbonn  to  com- 
plete the  espertment. 

Tlte  labor  of  preparing  eolntione,  and  for  carrying  and  using  a  foaatain  pnmp,  wiU 
preveDt  amall  farmers,  eepeoially  colored  people,  from  trying  these  remedies. 

The  cost  of  this  experiment  wa%  160  gaUons  eolation  C,  70  cents ;  labor,  60  eents, 
or  $3.60  per  acre,  and  with  the  close  mnigin  between  profit  and  expense  in  cotton- 
growing,  this  slight  coat  will  deter  many.* 

We  hardly  need  to  add  that  Dr.  ISeaVs  method  of  application  haa 
been  very  crude  and  wMteibl.  Inetead  of  barely  reaching  over  one- 
half  acre  the  160  {falloits  of  diluted  emalsion  onght  to  snffice  for  at  least 
five  acres,  and  his  estimates  of  cost  are  of  course  much  exaggerated. 

on.  OF  0BE080TB. 

This  cheap  material  has  lately  been  recommended  to  ns  as  an  insect- 
icide, bat  we  have  bad  no  opportunity  so  far  totry  it  on  the  Cotton  Worm. 
However,  the  experience  we  had  with  it  last  fbll  as  a  remedy  for  Cabbage 
Worms  (Pleris  and  Koctaid  larvse)  is  by  no  means  enconraging,  one 
tablespoouful  of  the  oil  stirred  up  (after  Saunders'  method)  in  one  gal- 
lon of  water  not  being  snffloient  to  kill  the  larger  worms,  whUe  at  the 
same  time  the  spray  mined  young  tumip-plants. 

on,  OP  TAB. 

This  does  not  appear  to  differ  essentially  ftom  the  former,  its  effect 
on  the  plant  being  likewise  more  violent  than  that  of  kerosene.  Mr. 
fSohwarz  reports  tbe  following  experiment  with  this  material: 

No  oil  of  tar  conld  be  obt^ned  at  Selma,  bat  only  a  mia]l  bottle  in  which  some  of  the 
oil  had  been,  a  few  drops  still  adhering  to  the  glass.  The  bottle  waafilted  with  water, 
the  contents  shaken  up,  and  then  applied  toplantsand  worms  by  meangof  the  parlor 
atcollcer.  I  estimate  the  proportion  of  the  oil  to  the  water  to  be  less  than  1  to  300. 
This  mixtare  proved  deadly  to  every  worm,  hot  also  scorched  the  leaves  much  more 
tlian  kerosens.  Owing  to  the  very  small  qnantity  of  the  oil  at  hand  I  eonld  not 
make  any  fhrthct  experiments  with  still  weaker  solutions. 

Since  these  two  oils  are  not  cheaper  than  kerosene  and-  are  inferior 
as  insecticides,  tbey  are  not  likely  to  come  into  general  ase. 

OAB-TAB  "WATEB. 

If  water  ia  left  standing  for  several  days  over  common  gas-tar  it  be- 
comes strongly  impregnated  with  the  smell  of  the  tar,  and  the  idea 
oocorred  to  as  to  atiltze  socb  water  agf^nst  the  Cotton  Worm.    Bxperi- 
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ments  made  by  Mr.  Schvarz  showed  that  aaoh  water  does  not  ii\iare  the 
phint,  and  when  liberally  applied  was  sniKcieiit  to  kill  the  very  yoiiDg 
worme,  bat  had  no  effect  on  the  larger  worms. 

Luthy  d;  Mamfi  inieet-pouider. — This  material,  mannfoctured  by 
Latby  &  Marx,  Philadelphia,  might  be  mentioned  in  this  connection, 
because  one  of  its  ingredients,  Judging  from  the  smell  of  the  powder, 
is  tar  or  some  allied  sabstance.  A  box  of  the  powder  was  sent  by  the 
above-named  firm  to  Selma,  Ala.,  in  order  that  it  might  be  tested  for 
tiie  Cotton  Worm,  and  tt  was  applied  in  dry  form  as  well  as  stirred  np 
in  water,  bat  had  no  effect,  even  on  the  reiy  yoong  worms.  It  proved 
eqaally  harmless  to  the  plant. 

CABBOLia  AOID. 

The  fact  that  this  ia  so  commonly  ased  in  the  Soath  for  the  "Screw 
Worm,"  and  aa  a  general  disinfectant,  and  that  it  ia  not  yet  employed 
against  Aletia,  is  fair  evidence  that  it  has  little  valne  in  this  connec- 
tion. Our  own  experience  in  trying  it  for  other  worms  is  that  it  has 
little  efi'eot  on  the  worms  when  made  weak  enongh  to  be  harmless  to 
the  plant.  Mr.  Treleasehoa  experimented  with  it  for  the  Cotton  Worm, 
and  we  give  here  bis  report  to  Professor  Comstock : 

SeptemlMr  ID,  %  nomber  of  gallons  of  wkter,  oontainlng  ftora  a  balf  teMpoonAil  to 
a  toaapoonfnl  of  oarbolio  add  per  gallon,  were  applied  witb  m  foantatn  pump.  Tbft 
water  waa  atimd  BO  that  tbe  acid  was  itaspended  tbiongh  it  as  ««rjr  small  globnles. 
It  was  fonnd  to  kill  some  oaterpillan,  bat  b;  no  Di«aiia  anongb  to  save  tbe  cotton ; 
and,  nMd  in  tb«ae  proportions,  it  li^nied  the  cotton  oonsideTably. 

OOTTon-BEKD  OIL. 

Of  tbe  varioDB  cheap  vegetable  oils  this  can  be  most  abundantly  and 
easily  obtained  in  the  South,  where  its  manufacture  is  steadily  on  the 
increase.  For  this  reason  it  recommended  itaelf  for  experimentation 
against  the  Cotton  Worm.  Like  kerosene,  it  can  be  emulsified  by  tbe 
aid  of  milk,  but,  being  heavier  than  kerosene,  the  two  ingredients  mix 
less  readily  and  separate  easier  when  diluted  with  water  than  in  the 
kerosene  emulsion.  In  its  action  upon  the  worm  it  is  very  similar  to 
kerosene,  but  a  larger  proportion  of  the  cotton-seed  oil  is  necessary  to 
kin  the  average-sized  worms,  while  in  its  effect  upon  the  plant  it  is 
somewhat  milder  than  kerosene.  This  circumstance  renders  cotton- 
seed oil  (and,  in  all  probability,  all  heavy  vegetable  oils)  inferior  to 
kerosene  as  an  insecticidB,  at  least  in  regard  to  this  Cotton  Worm  qoea- 
tion,  and  experiments  with  it  were  discontinued  as  soon  as  this  infe- 
riorilgr  was  recognized.  It  occurred  to  ns  that  by  mt^ng  a  soap  by 
udug  this  oil  and  the  ashes  from  cotton-seed  bnlla,  which  are  so  gener- 
ally  used  for  fuel  in  the  manufacture  of  ootton-aeed  oil,  we  might  ob- 
tain a  liquid  that  could  be  sprayed  apon  the  plant  with  good  effect, 
thos,  on  tbe  principle  similia  rimilibua  ouranttw,  employing  the  products 
of  the  plant  itself  as  an  antidote  to  its  worst  enemy,  these  products 
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being  easily  obtainable  at  nominal  cost  at  all  point«  wbere  cotton-aeed 
oil  and  cake  are  being  niannfactnred.  The  experiments  made  by  Mr. 
8chwarz  certainly  show  that  there  is  a  possibilty  of  snccesafdlly  ntiliz- 
ing  these  materials  where  they  can  be  abundantly  and  cheaply  obtained. 
A  strong  ends  from  this  wap  was  fonnd  to  destroy  the  yonng  wonns, 
bnt  seems  to  have  little  effect  on  the  larger  or  fall-grown  ones.  In  this 
respect  it  acted  very  ranch  as  any  other  strong  Boapsnds  wonld,  and  it 
cannot  he  said  to  have  any  advantage  over  other  saponaceoos  com- 
ponnds  except  in  the  cheapness  and  abondance  of  materials  at  com- 
mand  by  planters  in  the  yicinity  of  cotton-seed  oil  factories. 

rSQETABLE  INSECTICIDES. 

PTBETHEUM. 

HiSTOET  OP  Pyeeiheum. — There  are  very  few  data  at  hand  concern- 
ing the  discovery  of  the  Insecticide  properties  of  pyrethmin.  The  pow- 
der has  been  in  nse  fbr  many  years  in  Asiatic  coantries  south  of  the 
CaaoasQB  Monntfuns.  It  was  sold  at  a  high  price  by  the  inhabitants, 
who  snccessfnlly  kept  its  natore  a  secret  nntil  the  beginning  of  this 
centniy,  when  an  Armenian  merchant,  Mr.  Jumtikoff,  learned  that  the 
powder  was  obtained  from  the  dried  and  pulverized  flower-beads  of 
certain  species  of  Pyrethmm  growing  abnndantly  in  the  monnti^D 
region  of  what  is  now  known  as  the  Bnssian  province  of  Transcaacasia. 
The  son  of  Mr.  Jamtikoff  began  the  manofoctnre  of  the  article  on  a 
large  scale  in  1828,  after  which  year  the  pyrethmm  iodnstry  steadily 
grew,  nntil  to-day  the  export  of  the  dried  flower-heads  represents  an 
important  item  in  the  revenne  of  those  coootrips. 

Still  leas  seems  to  be  known  of  the  discovery  and  history  of  the  Dal- 
matian species  of  Pyrethram  {P^etkmm  dtteraricB/olium),  bnt  it  is  prob- 
able that  Its  history  is  very  similar  to  that  of  the  Asiatic  species.  At 
the  present  time  the  Pyrethmm  flowers  are  considered  by  fhr  tbe  most 
valuable  product  of  the  soil  of  Dalmatia. 

There  is  idao  very  little  information  published  regarding  either  the 
mode  of  growth  or  the  cnltlvation  of  pyrethmm  plants  in  their  native 
home.  As  to  the  Cancasian  species,  we  have  reason  to  believe  that  they 
are  not  caltivat«d,  at  least  not  at  the  present  time,  statements  to  the 
contrary  notwithstanding.*  The  well-known  Dl.GaatavBadde,  director 
of  the  Imperial  Mnsenm  of  Katnral  History  at  Tiflis,  Transcancasia, 
who  is  the  highest  living  anthority  on  every  thing  pertaining  to  the 
nataral  history  of  that  region,  wrote  ns  rocently  as  follows:  "lieonly 
species  of  its  genns,  Pyretkrwik  roseunt,  which  gives  a  good,  effective 
insect  powder,  is  nowhere  cultivated,  bnt  grows  wild  in  the  basal-alpine 
zone  of  onr  moantains  at  an  altitude  of  tmm  6,000  to  8,000  feet."  From 
this  it  appears  that  this  species  at  least  is  not  cultivated  in  its  native 
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Lome,  and  Dr.  Badde's  atatemeut  ia  corroborated  by  a  oommimicaUou 
of  Mr.  S.  M.  Hutton,  vice-consal- general  of  the  United  States  at  Mos- 
cow, Bassis,  to  wbom  we  applied  for  seed  of  this  speciea.  He  writes 
that  his  agents  were  not  able  to  get  more  than  about  half  a  pound  of 
the  seed  from  any  one  person.  From  this  statement  it  maybe  inferred 
that  the  seeds  have  to  be  gathered  &om  the  wild  and  not  from  the  onL- 
tivated  plants. 

Asto  the  Dalmatian  plant,  it  is  also  said  to  becnltivatedinits  native 
home,  but  we  can  get  uo  definite  information  on  this  score,  owing  to  the 
&ct  that  the  inhabit  an  tH  are  vei^'  unwilling  to  give  any  information  regard- 
ing a  plant  the  prodacl  of  which  they  wish  to  monopolize.  For  similar 
reasons  we  have  fonnd  great  difficulty  in  obtaining  even  small  quantities 
of  the  seed  of  P.  dnerariafoUum  that  w.is  not  babed,  or  in  other  ways 
tampered  with,  to  prevent  germination.  Indeed,  the  people  are  so  jeal- 
ous of  their  plant  that  to  send  the  seed  out  of  the  country  becomes  a 
serious  matter,  iu  which  life  is  risked. 

CIILTITATION  OF  Pyorthbum.— The  seed  of  Pj/retkrvm  nxeum  is  ob- 
tained with  less  difficulty,  at  least  in  smalt  quantities,  and  it  has  even 
become  an  article  of  commerce,  several  naraerymen  here,  as  well  as  in 
Gnrope,  advertising  it  in  their  catalogues.  The  species  has  been  suc- 
cessfully grown  as  a  garden  plant  for  its  pale  rose  or  bright  pink  dower- 
rays.  Mr.Thonia8Mceban,of OermantowD,Pa.,WTitesns:  "Ibavehad 
a  plant  of  Psretkrum  roseum  in  my  herbaceous  garden  for  many  years 
past,  and  it  holdu  ita  own  without  auy  care  mach  better  than  many  other 
thiuga.  I  should  say  from  this  experience  that  it  was  a  plant  which  will 
very  easily  accommodate  itself  to  caltare  anywhere  in  the  United  States." 
Peter  Henderson,  of  New  York,  another  well-known  and  experienced 
nurserj'man,  writes :  "  I  have  grown  the  plant  and  ita  varieties  for  ten 
years.  It  is  of  the  easiest  cultivation,  either  by- seeds  or  divisions.  It 
now  ramidea  into  a  great  variety  of  all  shades,  from  white  to  deep  crim- 
son, double  aud  single,  perfectly  hardy  here,  and  I  think  likely  to  be 
nearly  everywhere  on  this  continent."  Dr.  Barnard  reports  that  "  in 
the  gurdeu  of  the  Starling  plautatiou,  on  Lake  Chicot,  at  Suuny  Side, 
Ark.,  I  found  Pyivthrum  which  had  been  growing  perennially  for 
many  years.  This  is  toward  the  northern  limit  of  the  cotton  belt 
and,  for  the  river  country,  thu  most  northern  point  of  senons  in- 
juries from  the  Cotton  Worm.  Since  the  plant  does  not  freeze  out  there 
it  will  certainly  withstand  the  winter  throughout  the  region  of  se- 
rious depredation  from  the  wonn.''  Dr.  James  C.  Neal,  of  Archer, 
Fla.,  has  alsosuccessfoily  grown  Pyretkrum  roseum  and  many  varieties 
thereof,  and  other  correspondents  report  similar  favorable  experience. 
None  of  them  hiive  found  auy  special  mode  of  culcivatiou  necessary.  In 
1856  Mr.  G.  Willemot  made  a  serious  attempt  to  iutrodnce  and  cultivate 
the  plant^  on  a  large  scale  in  France.  As  his  account  of  the  cultivation 
of  Pyretbmra  is  the  best  we  know  of,  we  quote  here  his  experience  with 
but  few  slight  omissions :  "  The  soil  best  adapted  to  its  culture  should  be 
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composed  of  a  pare  ground,  somewhat  dUoeoiu  and  dry.  Uoisture  and 
tbe  preaence  of  clay  is  iujarioTts,  the  plant  being  extremely  senaitive  to 
an  excess  of  water,  and  woold  in  sncfa  case  immediately  perish.  A 
southern  exposure  is  the  most  favorable.  The  best  time  for  pntting  the 
seeds  in  the  ground  is  firom  Marc&  to  April.  It  can  be  done  even  in 
themonthofFebmaryif  the  weather  will  permit  it.  After  the  soil  has 
been  prepared  and  the  seeds  are  sown  they  are  covered  by  a  stratam  of 
ground  mixed  with  some  vegetable  mold,  when  the  roller  is  slightly  ap- 
plied to  it.  Every  five  or  six  days  the  watering  is  to  be  renewed  in 
order  to  faciUtate  the  germination.  At  the  end  of  about  thirty  or  forty 
days  the  yoang  plants  make  their  appearance,  and  as  soon  as  they  hare 
gained  strength  enough  they  are  transplanted  at  a  distance  of  about  six 
inches  from  each  other.  Three  months  after  this  operation  they  are 
transplanted  again  at  a  distance  of  from  fourteen  to  twenty  inches,  ac- 
cording to  their  strength.  Each  transplantation  requires,  of  course,  a 
new  watering,  wblch.  however,  should  only  he  moderately-applied.  The 
blossoming  of  the  Pyrethrum  commences  the  second  year,  toward  tbe 
end  of  May,  and  continaes  to  the  end  of  Sefttember."  Mr.  WilJemot 
al!!o  states  that  the  plant  is  very  little  sensitive  to  cold,  and  needs  no 
shelter,  even  during  severe  winters. 

The  above  quoted  directions  have  reference  to  tbe  climate  of  France, 
and  as  the  cultivation  of  the  plant  in  many  parts  of  Xorth  America  is 
yet  an  experiment,  a  greatdeal  of  independent  judgment  must  be  used. 
The  plants  should  be  treated  in  the  same  manner  as  the  ordinary  Asters 
of  the  garden  or  other  perennial  Compositie. 

As  to  the  Dalmatian  plant,  it  is  well  bnown  that  Mr.  6.  y.  Milco,  a 
native  of  Dalmatia,  has  of  late  years  snccessfally  cultivated  Pgrethrum 
cinerarii^otium  near  Stockton,  Gal.,  and  the  powder  from  the  California- 
grown  plants,  to  which  Mr.  Milco  has  given  the  name  of  "  Bnhach,"  re- 
tains all  the  insecticide  qualities  and  is  far  superior  to  most  of  the  im- 
ported powder,  as  we  know  fW>m  exi»erience.  Mr.  Milco  gives  the  fol- 
lowing advice  abont  planting — advice  which  applies  more  particularly 
to  the  Pacific  coast :  "  Prepare  a  small  bed  of  fine,  loose,  sandy,  loamy 
soil,  slightly  mixed  with  fine  manure.  Mix  the  seed  with  dry  sand  and 
sow  carefully  on  top  of  the  bed.  Then  with  a  common  rahe  distarb  the 
surface  of  the  ground  half  an  inch  in  depth.  Sprinkle  the  bed  every 
evening  until  sprouted ;  too  much  water  will  cause  injury.  After  it  is 
welt  sprouted,  watering  twice  a  week  is  sufBcien  t.  When  about  a  month 
old  weed  carefully.-  They  should  be  transplanted  to  loamy  soil  during 
the  rainy  season  of  winter  or  spring." 

Our  own  experience  with  Pyrethrum  roteutn  as  well  as  Pyrethrvm 
cinerariafolium  in  Wnshiugton,  D.  0.,  has  been  so  far  quite  satisfactory. 
We  haveobserved  that  the  seed  often  lies  a  long  time  in  theground  before 
germinating,  and  that  it  germinates  best  when  not  watered  too  heavily. 
We  think  that  the  too  rapid  absorption  of  moisture  often  causes  the 
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seed  to  burst  premataiely  and  rot,  where  slower  absorptioa  in  a  soil 
only  tolerably  moist  affords  the  best  conditions  for  germination. 

Tbe  seed  of  both  species  sown,  whether  in  the  fall  of  1880  or  in  the 
spring  of  1881,  germinated  tolerably  well,  though  some  was  evidently 
worthless  when  received.  A  few  plants  of  ro$eum  from  that  sown  in 
the  foil  of  1880,  bloomed  the  ensuing  antomn,  while  all  sown  in  the 
spring  of  1881  bloomed  profusely  the  following  summer. 

Both  species  withstood  the  winters  very  well,  and  as  these  were  ex- 
treme winters,  the  one  very  severe  and  cold,  tbe  other  open  and  mild, 
tbe  test  may  be  considered  a  very  thorough  one.  The  older  leaves  died 
oflf,  as  is  tbe  cnstom  with  many  allied  perennial  species,  but  the  plants 
began  growing  very  early  in  spring  and  were,  in  fact,  among  the  vernal 
adornments  of  the  garden.  Eoseum  began  blooming  early  in  May,  and 
showed  every  variation  in  color  from  almost  pare  white  to  deep  Crimson. 
It  also  showed  cooBiderable  variation  in  the  green  of  the  leaves  as  well 
as  in  the  form,  someplants  having  tbe  leaves  much  more  finely  cat  than 
others.  CineraritE/olium  which  bus  a  much  smaller  flower,  with  pure 
white  petals,  very  strongly  resembling  the  common  Ox-eye  Daisy,  began 
blooming  a  month  after  roaeum  had  passed  its  prime.  It  proved  uniibrm 
in  citlor,  and  is  always  distinguishable  from  rosevm,  even  before  bloom- 
ing, by  the  whitish  or  glaucous  green  of  the  leaf,  and  its  much  deeper 
and  broader  incisions. 

A  portion  of  tbe  flower  heads  were  dried  and  pnlverized,  tbe  powder 
proving  to  be  fully  equal  in  efficacy  to  the  imported  article;  while  the 
powder  from  dried  stems  and  leaves  is  decidedly  weaker,  but  still  useful 
when  applied  in  large  quantities.^' 

Pbefabation  of  the  plants  fok  use. — In  regard  to  manufactur- 
ing tbe  powder,  the  dower  heads  should  be  gathered  daring  fine  weather, 
when  they  are  about  to  open,  or  at  the  time  when  fertilization  takes 
place,  as  the  essential  oil  that  gives  the  insecticide  qualities  reaches,  at 
this  time,  its  greatest  development.  When  the  blossoming  has  ceased 
the  stalks  may  be  cut  within  about  four  inches  ftt)m  the  ground  and  ntil- 
ized,  being  ground  and  mixed  with  the  flowers  in  the  proportion  of  one- 
third  of  their  weight.  Great  care  most  be  taken  not  to  expose  the  flow- 
ers to  moisture,  or  tbe  rays  of  the  sun,  or  still  less  to  artificial  heat. 
They  should  be  dried  under  cover  and  hermetically  closed  up  in  sacks 
or  other  vessels  to  prevent  untimely  pulverization.  The  finer  tbe  flower 
heads  are  pulverized  the  more  effectually  the  powder  acts  and  tbe  more 
economical  is  its  use.  Proper  pulverization  in  large  quantities  is  best 
done  by  those  who  make  a  business  of  it  and  have  special  mill  facilities 
Lehn  &  Fiuk,  of  New  York,  have  furnished  us  wifb  tbe  most  satisf^- 
tory  powder.  For  his  own  use  the  fanner  can  pulverize  smaller  quan- 
tities by  the  simple  method  of  pouodiDg  the  flowers  in  a  mortar.  It  is 
necessai^'  that  the  mortar  be  closed,  and  a  piece  of  leather  through 
which  the  pestle  moves,  such  as  is  genenilly  "^ed  in  imlverizing  phar- 
maceatic  snbstances  in  a  laboratory,  will  answer.    The  quantity  to  be 
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polverized  should  Bot  exceed  one  ponud  at  a  time,  tbus  avoicling  too 
Iiigb  a  de^^ree  of  heat,  nhich  woald  be  ipjurioos  to  the  quality  of  the  po«- 
der*  The  pnlveiizatioD  being  deemed  safficient,  the  substaoce  is  sifted 
through  a  silk  sieve,  and  then  the  remainder,  with  a  new  addition  (rf 
flowers,  is  pat  in  the  mortar  and  polTerized  agiun. 

The  best  vessels  for  keeping  the  powdu*  are  fruit  jars  with  i>ateDt 
oorers,  or  anj  other  perfectly  tight  glass  vessel  or  tin  box. 

The  use  op  ptbethkuu  ab  an  insectioisg.— Up  to  a  compara- 
tively recent  period  the  powder  was  applied  to  the  destrnoUon  of  those 
insects  only  which  are  tronblesome  in  dwellings,  and  Mr.  C.  Willemot 
seems  to  have  been  the  first,  in  the  year  1857  (1),  to  point  oat  its  valne 
against  insects  i^jurioas  to  agricoltnre  and  horticultnre.  He  goejt. 
however,  too  far  in  bis  praise  of  it,  and  some  of  his  statements  as  to 
its  efficacy  are  evidently  not  bused  apon  actual  exi>eriment.  Among 
others  he  proposes  the  following  remedy:  "In  order  to  prevent  the 
ravages  of  the  weevil  on  wheat  fields,  the  powder  is  mixed  with  the 
grain  to  be  sown,  in  proportion  of  about  Ufii  ounces  to  aboat  three 
bushels,  which  will  save  a  year's  crop."  This  is  simply  ridicoloas,  as 
every  one  who  is  familiar  with  the  properties  of  Pyretbrum  will  under- 
stand. We  have  daring  the  past  few  years  largely  experimenteil 
with  it  on  many  species  of  injurions  insects,  and  fully  appreciate  its 
valne  as  a  general  insecticide,  which  valne  has  be«n  greatly  enhanced 
by  the  discovery  that  it  can  be  most  economically  used  in  liquid  soIq- 
tion  ;  but  we  are  far  from  considering  it  a  niiiversat  remedy  for  all  iii- 
sects.  Nosach  universal  remedy  exists,  and  Pyretbrum  has  its  disad- 
vantages as  has  any  other  insecticide  now  in  use.  The  following  are 
its  more  serious  disadvantages:  (1)  the  action  of  the  powder,  in  what- 
ever form  it  may  be  appUed,  is  not  permanent  in  the  open  air.  If 
e.g.,  it  is  applied  to  a  plant,  it  immediately  affects  the  insects  on  that 
plant  with  which  it  comes  in  contact,  but  it  will  prove  perfectly  harm- 
less to  all  insects  wbich  come  on  the  plant  half  an  honr  (or  evt-u 
less)  after  the  application  -,  (2)  the  powder  acts  in  the  open  air — unless, 
perhaps,  applied  in  very  large  quantities — only  ui>ou  actual  conUct 
with  the  insect'  If,  e.g.,  it  is  applied  to  the  0[>per  side  of  a  cottoil  leaf 
the  worms  that  may  be  on  the  under  side  are  not  atfected  by  it;  {^j  it 
has  no  effect  on  insect  eggs,  nor  on  piipte  that  are  in  any  way  pro- 
tected or  hardened. 

These  disadvantages  render  Pyretbrum  in  some  respects  inferior  to 
arsenical  poisons,  but,  on  the  other  band,  it  has  the  one  overshadowing 
advantage  that  it  is  perfectly  harmless  to  plants  or  to  higher  animals ; 
and  if  the  cultivation  of  the  plants  in  this  country  should  piwe  b  guc- 
cess,  and  the  price  of  the  powder  become  low  enough,  the  above  meu- 
tioned  disadvantages  can  be  overcome,  to  a  certain  degree,  by  reiMtateil 
applications. 

It  is  to  Prof.  E.  W.  Hilgard,  of  the  University  of  California,  that  we 
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owe  tbe  first  acoanite  determination  of  the  destroying  principle  in  Py- 
retlirum.    He  wrote  us  as  follows  on  this  subject: 

IlUTe  hftd  MUco'sproduct  in  hand  for  ggme  time,  and  haTB  tried  it  on  TarioasbngB 
both  in  powder  and  infaaion.  To  undeiBtasd  the  beet  manoer  of  UBing  it  In  each 
ewe,  it  mnat  be  kept  in  mind: 

1.  That  the  active  snbatance  la  a  Tolatile  oil.  . 

S.  Thkt  said  oil,  andertbeiiiflQeuceof  air,  notonJ;  volMiliEea,  but  is  also  oxidized, 
■nd  thereby  convertod  into  an  inert  reain. 

It  follows  from  1  that  the  pyrethruni  Is  at  a  dieodvantage  when  need  in  the  shape 
of  powder  in  the  open  air,  especially  when  tbe  wind  blowa ;  fiom  2  that  It  la  of  the 
greatest  Importance  that  the  aobstaDce  ahoald  be  frcah,  or  should  have  been  kept 
tightly  packed,  for  the  same  reBBOn  that  bops  mnat  be  similarly  treated. 

Hence  I  find  that  Milco's  fresh  powder  is  of  greater  eJBcacy  than  tbe  beet  imported, 
although  Borne  of  the  latter  contains  twice  as  rnach  matter  solnble  in  ether ;  bat  the 
extract  from  tlie  "buhaoh"  is  a  clear  greenish  oil,  while  that  &om  imported  powder, 
and  especially  that  from  "  Lyon's  magnetic  " — ground-np  refase,  stems,  &,o.,  oa  I  take 
it — Is  dork  and  thickisb,  or  almost  dry  and  crumbly. 

The  real  natnre  of  the  effect  of  this  volatile  oil  on  insect  life  has  not 
yet  been  stndied,  and  still  remains  obscure.  Different  species  ol 
insects  are  differently  affected  by  the  powder,  bnt  since  no  other 
animals  are  affected  so  far  as  we  yet  know  in  anything  like  the  same 
degree,  it  may  be  inferred  that  with  insects  those  organs  are  affected 
which  are  essentially  characteristic  of  them,  viz.,  those  connected  with 
respiration.  Some  insects  reBiet  the  action  of  the  powder  to  quite  a 
marked  degree,  e.  g,,  very  hairy  caterpillars,  and  especially  spiders  of 
all  kinds;  while  others,  especially  all  Hymenoptera,  sDcctuub  most 
readily-  In  no  case  are  tho'iusects  killed  instantaneonsly  by  Pyrethmm. 
They  are  rendered  perfectly  helpless  a  few  minntes  after  the  applica- 
tion, but  do  not  die  till  some  time  afterward,  the  period  varying  from 
several  hours  to  two  or  even  three  days,  according  to  the  species. 
Many  insects  that  have  been  treated  with  Fyrethnun  show  signs  of 
intense  pain,  while  in  others  the  oatward  symptoms  are  mnch  less 
marked. 

The  effect  of  Pyrethnun  on  the  Cotton  Worm  may  be  described  as 
follows :  The  worm  becomes  nneasy  in  from  5  to  20  seconds  after  the 
application,  according  to  the  amoant  of  Pyrethmm  applied,  and,  again, 
according  to  the  size  of  the  worm.  Very  shortly  afterward  it  attempts 
to  bite  off  OT  to  remove  the  particle  or  particles  of  the  powder  adhering 
to  its  body,  daring  which  operation  a  greenish  jnice  emanates  from  its 
month.  Its  motions  become  more  and  more  violent,  antil  at  last,  within 
ftom  4  to  10  minutes,  the  whole  body  is  thrown  into  convulsions,  the 
worm  having  lost  all  control  over  itself.  These  convulsions  continue 
for  many  hoars,  the  worm  getting  weaker  and  we^er  until  death  ensues. 
Small  worms  die  in  about  3  or  1  hoars ;  half-grown  ones  often  not  before 
21  hours  have  elapsed.  Fall-grown  worms  are  not  easily  affected,  and 
generally  recover  f^m  the  effects  of  even  a  pretty  strong  dose  of  Pyre- 
thmm, while  very  young  worms  are  mosft  readily  affected  even  by  a  very 
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weak  dose.  If  the  doae  is  not  strong  enongb,  the  coDvalttions  of  tfae 
'  vorm  are  much  less  violeot,  and  it  recovers  frilly  within  a  few  hotira. 

The  action  of  the  jioisoD  depeods,  however,  lees  niran  the  amonnt  of 
powder  ased  than  upon  the  part  of  the  body  of  the  worm  which  it 
touches,  and  on  the  method  of  applying  it.  Very  small  particles  placed 
upon  the  sides  of  larva,  eapecially  near  the  anterior  spiracles,  produce 
a  more  marked  effect  than  larger  quaotities  dropped  upon  their  backs 
or  lodged  among  the  hairs.  Tfae  effect  is  also  enhanced  by  driving  Uiu 
powder  with  force  against  the  worms  by  means  of  a  bellows,  for  exam- 
'  pie,  as  the  particles  are  thas  driven  into  closer  contact. 

After  the  preliminary  trials  made  in  1878.  and  the  more  extensive 
ones  made  in  1879,  the  encouraging  results  of  which  arc  recorded  in  the 
first  edition  of  this  work  (pp.  62-64),  we  had  the  ezperimeDts  vig- 
orously continned  by  the  agents  of  the  Commission  in  subsequent  years, 
and  at  varions  points  within  the  cotton  belt.  These  experiments  were 
made  partly  with  buhach  kindly  i^imished  by  Mr.  O.  K.  Milcu,  of  Stock- 
ton, Gal.,  partly  with  imported  insect  powder  made  from  P^etkmn 
roaeum,  and  which  had  iM-en  liberally  placed  at  the  disposal  of  the  Com- 
mission by  Messrs.  Lehn  &  Fink,  of  New  York.  There  seems  to  be  bnt 
little  difference  in  eflScacy  between  these  two  kinds  of  powder.  To  test 
their  relative  strength.  Mi'.  H.  G.  Hubbard  made  the  following  experi- 
ment: 

"  Sixty  Cotton  Worms  were  collected  and  divided  into  two  lots  as 
equally  as  possible,  so  that  neither  set  should  contain  an  nudoe  propor- 
tion of  old  or  young  worms.  Each  set  was' placed  in  aMasonjar,  and 
thoroughly  dusted  with  a  small  quantity  of  powder,  one  jar  with  the 
buhach,  and  the  other  with  the  imported  pyrethrum.  The  worms  wei« 
immediately  afterwards  turned  out  upon  newspapers  spread  upon  the 
ground.  Those  dosted  with  buhach  were  paralyzed  and  unable  to 
crawl  about  in  from  IS  to  20  miuutes.  Those  treated  with  imported 
pyrethrum  were  similarly  affected  in  from  26  to  30  miuntes.  In  both 
lots  the  worms  began  to  be  affected  in  less  than  one  minute,  and  nearly 
all  died  within  12  hours.  Another  experiment  was  made  upon  100 
worms  of  all  sizes  in  which  the  powder  (imported)  was  applied  in  the 
open  air  by  means  of  a  bellows.  Worms  one-fifth  to  one-third  grown 
were  completely  paralyzed  in  10  minutes ;  worms  one-hslf  grown,  in  30 
to  45  minutes ;  fbll-grown  worms  showed  the  full  effect  of  the  poison 
after  several  hours.  In  about  three  hours  the  smaller  worms  appeared 
to  be  dead.    The  oldest  worms  did  not  die  before  night" 

Pyrethrum  can  be  applied — 1,  as  a  dry  powder;  2,  as  a  fhme;  3,  as  an 
alocholic  extract  dilated ;  4,  by  simple  stirring  of  the  powder  in  water; 
5,  as  a  tea  or  decoction. 

1.  Applications  of  PTasTfiaDu  as  dbt  powoeb. — The  following 
experiments  were  made  by  Mr.  Hubbard  at  Centreville,  Fla.,  to  ascertain 
the  minimam  quantity  of  the  dry  powder  that  could  be  ased  with  effect 
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npon  very  yoaog  Cotton  Worms,  the  powder  ezperimeoted  with  being 
the  Galifornian  bubaob : 

A^  the  IftrvB  experimented  with  were  bktclied  lost  nigbt  (Angust  10)  from  egg« 
laid  in  breeding  Jardurlug  the  night  of  AagDst  7,  except  I&rva  (m)  which  waa  only 
a  few  hours  irom  the  egg. 

(a)  Three  niinate  fragments  of  pfxethram  laid  npon  back  (terminal  half  of  bodf) 
with  tha  point  of  a  needle ;  larvn  affected  in  15  eeconda ;  convalaed  in  1  miunte  and 
15  eeconda ;  died  in  p.  m. 

(6)  One  minnte  fragmeDt  applied  on  back  (anterior  segmenle) ;  frogment  dropped 
off  in  Sminutea;  probably  onl;  adhered  to  hairs  of  body  ;)lminDteB;  larva  appeared 
affected  bat  alighUy ;  after  three  boars  larva  appears  to  have  recoTered ;  p.  m.,  went 
to  eating  and  fnl^  recovered.  This  is  a  very  Tigorona  larva,  probably  aeveral  hours 
older  than  the  rest.   (Angnst  12,  bss  gioTi-n  larger  and  is  eating  well.) 

(0)  One  almost  microscopic  fragment  applied  with  needle-point  to  side  near  spira. 
cles;  evidently  affected  in  flfteeu  seconds;  coovolsed  in  laminates.  Fragment  ad- 
heted  1  minate.    Latva  died  in  p.  m. 

(d)  One  very  minute  fragment  (almost  microscopic  fragment)  applied  on  side  of 
body  near  middle,  Larra  lost  eight  of  during  4  minutes,  at  end  of  which  time  was 
entirety  convnlsed.    Diedin  p.  m. 

(e)  Several  (three  or  foar)  small  fragments  applied  on  side  of  body;  affected  lu 
30  Beoonds;  conTutsed  after  3  minutes,  15  seconds.     Died  in  p.  m. 

(/)  One  minute  fragment  on  middle  of  back;  affected  inl  minnte,  15  secoods;  con- 
vnlsed in  3  niinutes;  fragment  dropped  off  in  3  minutes.  Four  o'clock  p.  m.,  larva 
iCcoveriug;  later,  went  to  eating;  entirely  lestured.     (Angnst  12,  alive  aodwell.) 

(g)  One  microscopic  fragment  on  Lack  at  anal  extremity  of  body  and  very  soon  lost 
off  (20  secondsT).  Seemed  affeotedafterSmiuutM;  exBmincdaftcr2houTs;  seemsnot 
It^nrod.    In  p.  m.  entirely  well— see  (j)  Ijelow. 

(A)  One  large  fragment  (siEB  of  "blow-fly"  egg}  apphed  for  5  or  6  secouds  to  side 
of  body,  near  or  upon  spiracles;  affected  in  3  miaates;  convulsed  in  4  minutes;  2  boora, 
unable  to  move  about;  4-30  p.  m.,  still  alive  but  disabled.     Died  before  night. 

(i)  One  entirely  micioscopio  fragment  applied  to  bach  of  neck ;  affected  in  H  niiti' 
utes;  eonTuleedinSmmntM;  4.30  p.  m., appears  recovering.  (August  12, larva  died 
this  morning.) 

(t)  One  entirely  micrcacopic  fragment  applied  underneath  anterior  segmenta  be- 
tween legs;  adhered  only  a  few  seconds;  appears  affected  after  15  rainntes,  but  able 
to  move  aboat;  4.30  p.  m., recovering  and  eating;  ]ater,fally  recovered.  (August  12, 
alive  and  well.) 

NoTX. — Larvs(I)(a)*nd(M)  were  treated  as  follows;  A  small  quantity  of  pyretbmm 
placed  on  a  piece  of  paper  was  lightly  sprayed  with  an  atomixvr,  and  allowed  to  re- 
main covered  with  drops  of  moisture  for  abont  ten  mlnotes.  The  larve  were  then 
touched  with  a  needle  dipped  in  ihts  poisoned  dew. 

(1)  A  single,  very  slight,  and  proliably  insufficient  application  beneath  anterior  seg- 
ments; no  moistnre  adhered  to  larva;  affected  after  1  minnte,  15  secondH;  Ihour  later 
appears  torpid, but  not  convnlsed;  4 p.m., recovered  and  eating.  (August  13, alive 
and  well.) 

(n)  Touched  with  poisoned  dew  about  anterior  segments  and  moisture  left  npon  back 
of  the  segment,  more  thoronghly  applied  than  in  preceding  larva;  affectWl  in  45  sec- 
onds; convnlsed  in  2  mlnntes;  4.30  p.m., recovered.    (August  12,  alive  and  well.) 

(n)  A  very  young^arvo,  probably  hatched  late  this  morning,  wss  allowed  to  crawl 
along  needle  and  over  a  drop  of  poisoned  dew ;  instantly  affected ;  convulsed  in  15 
seconds.    Diedin  p.  m. 

(g)  Second  experiment  with  larva  (g)  made  in  p.  m.  One  fragment  (size  of  "blow- 
fly "  egg)  laid  on  back,  middle  of  body,  not  tonctaing  the  skin,  but  adhering  to  hairs; 
dropped  off  in  ItO  seconds ;  evidently  affected  in  45  seconds;  completely  convulsed  in 
9  minutes.    Died  in  fewhonn. 
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Tbe  praotioal  application  of  sach  minate  qnaotities  in  tbe  open  field  is 
out  of  the  queBtion,  and  so  ia  tbe  use  of  the  undiluted  powder  on  alarge 
scale,  80  long  ae  its  price  is  mnch  higher  than  that  of  common  flonr. 
Mr.  Hnbbard  eontinnes : 

Eipericaenta  in  the  fields  nith  the  dry  powder  sifted  apon  ths  plonU  gave  very 
DtuiatiafactoryTe8DlteauleMl&ri;e  qnantittes  of  the  powder  were  used.  OnAngnet  28, 
a  vec7  wind;  day,  I  tried  an  application  with  the  bellows,  allowing  the  wind  to  carry 
the  powder  in  fine  olouda  iJirough  the  foliage,  and  nsing  abont  one  ponnd  to  the  aore. 
In  this  way,  owing  partly  to  the  impoBSibilitj  of  securing  an  equal  distribntion, 
some  worms  were  affected  at  a  distance  of  ten  or  fifteen  feet,  while  others,  much 
nearer,  were  not  affected  at  all.  I  have  reaaoD  to  believe  that  very  few  worms  were 
killed  ontright  at  this  trial.  Some  Tecovered  in  a  few  hoars.  M  namber  of  those 
which  showed  signa  of  pain,  bnt  had  been  very  lightly  dnsted,  I  eoufined  iu  Tivaria, 
and  all  completed  their  traDsformations  in  the  osnal  time.  At  the  time  the  fore- 
going experiment  was  made  the  leaves  were  qa lie  wet  with  leoent  rain,  andsnother 
heavy  shower  occnrted  later  in  the  day. 

Prof.  J.  P.  Stelle  carried  out,  during  his  stay  at  Calvert,  Texas,  simi- 
lar experiments  with  the  same  amount  of  undiluted  powder  and  with 
the  same  unsatisfactory  results.  Fortunately  it  baa  been  foond  that  if 
unadulterated  and  fresh  (which  cannot  be  said  in  many  instances  of 
the  powder  sold  at  retail  by  our  druggists)  it  may  be  conmderably  di- 
luted with  other  pulverized  material  without  losing  its  deadly  effeet, 
the  use  of  the  powder  thus  becomiug  much  cheaper.  Of  tbe  materials 
which  can  be  used  ae  diluents,  common  flour  seems  to  be  tbe  best,  but 
linely-sifted  wood-ashes,  sawdust  from  bard  wood,  &c. — in  short,  any 
light  and  finely  pnlverized  material  which  mixes  well  with  tbe  pyre- 
thrum  powder — will  answer  the  purpose. 

It'bas  also  been  fouud  that  if  tbe  mixture  of  Pyrethmm  and  flonr  is 
applied  immediately  after  preparation  it  is  always  weaker  in  effect  than 
when  left  in  a  perf^tly  tight  vessel  for  at  least  twenty-four  hours  be- 
fore use.  In  tbe  expenments  made  in  1S79  we  found  that  a  mixture  of 
one  part  of  Pyretbrum  with  ten  parts  of  Sour,  applied  immediately  after 
preparing,  is  snfBcient  to  kill  the  average-sized  worms  with  which  it 
comes  in  contact;  and  that  the  mixture  of  one  part  of  the  powder  to 
sixteen  parts  of  flour  is  equally  efBcient  after  being  kept  for  some  days 
in  a  tight  glass  Jar.  The  experiments  made  subsequently  do  not  alter 
these  results  to  any  considerable  extent.  It  wonld  be  qnite  superflnons 
to  mention  here  the  experiments  made  with  very  strong  mixtures  of 
Pyretbrum  and  flour,  since  they  add  nothing  new  to  onr  experience,  and 
we  shall  refer  rather  to  those  which  were  made  to  ascertain  Uie  minimum 
qn«itity  of  the  powder  necessaiy.  The  following  series  of  e^etiments 
was  made  at  Selma,  Ala^  by  Mr.  Schwarz : 

Exp«ri»e»t  1,  Angnst  27. — Pyrethrom  powder,  one  part,  mixed  with  twenty  parta 
of  flonr,  applied  with  the  sieve  immediately  after  preparing.  Woima  mostly  more 
than  half-grown.  Only  a  small  proportion  of  the  worms  came  in  oontact  with  the 
mixture,  though  it  was  applied  toward  evening.  These  worms  were  affected  within 
the  nsual  time,  but  npon  examination,  about  ten  hoars  afterwards,  mnob  more  than 
halt  the  nnmher  had  recovered.  The  mixture  in  this  proportion,  fnd  applied  with 
the  sieve,  is  evidently  a  failure. 
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Bzpmim»at  S,  Angiut  27. — The  sune  miztare  applied  with  the  bellows  while  going 
elowl;  iKtween  the  rows.  A  large  proportion  (eatimated  at  two-thirda)  of  all  the 
irorma  on  the  plant*  were  affected,  hut  most  of  them  had  recovered  the  next  murning. 

Experimait  3,  Aagnst  27. — The  Mune  miztnre  applied  with  the  hand.  1  hud  seen 
this  method  in  nae  in  Texas,  wkere  floor  and  Paris  green  were  used,  and  convinced 
myaelftbat  itwaaanexoellent  and  Ter;' eoonomioai  method  of  applying  dry  powders 
to  high  plants.  I  found,  however,  to-day  that  it  require*  some  ptactioe  to  distribnte 
the  mixtnre  evenly  and  ecanomically.  The  reenlt  was  about  the  same  as  in  Experi- 
ment No.  S.    The  mixtnre  is  erldently  too  weak  if  applied  in  moderate  qnautity. 

Ei^aiwteitt  4,  Bept«mt>er  4. — Pyrethmm  I  part,  mixed  with  10  parts  of  flour,  applied 
Immediately  after  pieparitig,  by  mean*  of  the  bellows.  Comparatively  few  worms  on 
the  plant*,  and  no  very  yonng  ones.  Again,  about  tw»-thirda  of  the  woime  afllsoted, 
of  which  none  or  very  few  recovered.  Thi*  mixtnre  is  evidently  strong  enongh  to 
kill  all  the  worqie  with  which  It  comes  in  contact,  thongh  it  wa*  dletribnted  in  email 
quantity. 

Experimmt  5,  September  4. — Pyrethmm  t  part,  mixed  with  15  part*  of  flonr,  applied 
with  the  bellow*,  in  part  thickly,  i.  «.,  walking  wry  elowly  and  nalng  the  bellows 
freely,  and  in  part  very  slightly  applied.  In  the  former  case  the  mixtnre  iaaBe£Bcienl 
■s  that  mentioned  In  Experiment  4,  al>ont  two-thirda  ot  the  worma  being  killed ;  In 
the  latter  esse  a  great  proportion  of  the  worms  recovered. 

E^ertmemtB,  BeptemherS. — Finely-sifted  wood-ashes  were  anbstitnted  for  the  flonr; 
ratio,  1  part  pyrethmm  to  10  parte  of  ashea.  Applied  with  the  beUowa.  E&'ect  the 
same  aa  in  Experiment  4.  The  mixture  is  mnch  lighter  than  flonr,  and  spreads  more, 
bat  for  this  reason  i*  not  naeftil  in  windy  wealber;  moreover,  the  preparation  of  the 
wood-ashes  is  somewhat  tronbleaome,  as  they  must  he  sifted  through  a  very  Sne  sieve. 

&perMi«>l  7,  September  SI. — Fin ely-aifled  prairie  soil  waaaubetitutedfbrthe  floor; 
I  part  of  pyrethrom  to  10  parts  of  soil.  The  mtxtare  could  not  be  applied  by  means 
of  the  bellow*,  as  It  Is  too  heavy;  neither  can  it  be  applied  by  means  of  the  sieve,  as 
the  two  material*  separate  at  once,  the  powder  coming  t«  the  sorTace.  It  was  finally 
applied  by  throwing  it  with  the  hand,  but  it  la  evident  that  even  then  it  la  inferior 
to  lionr  and  eahe*^  owing  to  Its  weight,  which  prevents  ita  spreading  and  flying  ^fiont 
iilte  the  mnch  finer  and  lighter  floor.  Otherwise,  the  mixtuni  aota  as  powerfnDy  aa 
Ihat  of  pyrethmm  and  flonr  mixed  at  the  same  rate. 

tzprriattnt^  September  31. — The  same  mixture  aa  in  experiment  No.  1  applied  after 
it  wa*  left  atanding  In  a  tight  glass  jar  ever  since  August  27.  Applied  iu  moderate 
qnantity  by  means  of  the  bellows.  Worms  very  pleotiful  and  mostly  small.  Again, 
abouttwo-tbiTdsof  the  worms  were  affected,  of  which  only  a  small  proportion,  if  any, 
Tpcnvered.  The  mixture  isevideotly  by  far  ationger  now  than  when  freshly  prepared, 
and  would  undoubtedly  be  strong  enough  for  average-aiaed  worms. 

Ezpertment  9,  September  96. — A  small  remnant  of  the  mixture  used  in  experiment 
Ko.  S,  which  had  been  dilnted,Septeml>er  XI,  with  about  one-half  the  amount  of  flour^ 
was  applied  b;  means  of  the  bellows.  Worms  very  plentifnl,  and  of  nil  sizes.  When 
applied  thickly  the  mixtnre  still  kills  the  small  worms ;  the  larger  ones  that  were 
affected  had,  with  f^  exoepttons,  all  recovered  the  next  day.  When  applied  slightly, 
rvsn  a  portion  of  the  BnaUer  ones  recovered;  very  small  worma  were,  however,  a'ill 
destroyed. 

M.  B. — Pnll -grown  worms  are  not  taken  into  considetatton  In  them  experiments,  aa 
they  nsnally  recover,  nnlesa  they  get  a  very  large  dose  of  the  mixture,  A  nnmlwTOf 
trials  in  and  oat  door*  proved  that  for  newly-hatefaed  worms  a  raixtam  of  one  part  of 
pyrethran  to  SO  parta  of  flonr  ajqilied  slightly  and  Immediately  Hfter  preparing  is 
amply  aufflcient.  In  these  azperimeuta,  I  used  both  the  Callfomian  bnhaoh  and  im- 
ported insect  powder  (ftmished  to  the  Commiaaion  by  Messrs.  Lehn  &  Fink),  wlth- 
•nt  noticing  any  difhrenoe  in  effieacy  between  the  two. 

Prtrf.  B.  W.  Jones  obtaioed  very  similar  results.  He  writes,  "On« 
part  of  PyTetbmm  to  20  parts  of  wheat  flonr,  thotougblj  mixed  aa4 
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shut  ap  in  a  tight  tin  box  for  24  honis.  This,  blown  b;  bellows,  proved 
very  efficient  in  destroying  Aletia  larv»  which  it  toached." 

While  it  isthns  proved  tbat  one  part  of  Pyrethram  mixed  with  tenpartu 
of  floor  and  applied  Immediately  after  preparing,  or  the  same  amount 
of  Pyrethrnm  to  twenty  parts  of  iwwder,  applied  after  being  kept  in  a 
tight  vessel  for  some  time,  is  satQcient  to  kill  the  average-sized  worms, 
the  problem  yet  remained  to  apply  this  mixtare  so  that  it  would  touch 
all  worms  on  the  plants.  That  this  cannot  be  accomplished  by  an 
application  from  above  is  apparent  from  the  habits  of  the  older  worms 
to  hide,  during  the  day,  on  the  under  side  of  the  leaves,  and  even  if  ap- 
plied at  night  the  mixture  wonld,  under  the  moet  favorable  circnm- 
stances,  be  but  partially  successfnl,  as  the  yonug  worms,  which  do  not 
come  at  all  to  the  upper  surface  of  the  leaves,  would  not  be  billed.  Ap- 
plication from  below  is  therefore  imperative  to  insure  success,  and  suit' 
able  machines  for  this  purpose  will  be  desoibed  farther  on.  In  the  year 
1880  we  estimated  that  it  would  require  one  and  three-quarter  poands 
of  Pyrethram  powder  to  go  over  an  acre  of  cotton  of  medium  height 
when  mixed  with  20  pounds  of  flonr.  With  the  improved  appliances  the 
amount  per  acre  will  probably  be  reduced  to  less  thpn  one  pound.  The 
price,  when  the  first  edition  of  this  work  was  pnblfshed,  averaged  75 
cents  per  pound,  bat  is  much  lower  at  the  present  writing." 

2.  AppLiOATlOK  OP  PYBETflHnM  IN  FUMES. — ^Whatever  advantages 
this  method  may  have  in  a  closed  room  it  is  evidently  impracticable  on 
a  large  scale  in  the  field,  and  consequently  no  experiments  have  been 
made. 

3.  ,Ajx;oholio  extbaot  of  ptbethbuk. — The  not  Inconsiderable 
differences  In  the  results  obtained  by  the  agents  of  the  Oommtasion 
while  experimenting  with  extracts  are  principally  dne  to  the  fact  that 
the  extracts  can  be  obtained  in  various  ways  and  of  varying  strength. 
A  good  extract  may  be  obtained  either  by  distillation  or  by  the  reperco- 
latiou  process.  Which  of  the  two  methods  is  preferable  it  is  difficult 
to  say.  The  fbrmer  seems,  however,  to  more  thoroughly  extract  the  oil 
than  the  latter ;  bat  in  both  kinds  of  extract  the  residuum  of  the  powder 
may  be  kept  in  suspension  so  that  no  particle  of  tbe  strength  of  the  pow. 
der  is  lost.  The  extract  by  distillation  is  easily  obtained  by  taking  a 
flask  fitted  with  a  cork  and  a  long  and  vertical  glass  tube.  Into  this  flask 
the  alcohol  and  pyrethrnm  are  introduced  and  heated  over  a  steam  tank 
or  other  moderate  heat.  The  distillate,  condensing  in  the  vertical  tube, 
rons  back,  and  at  the  end  of  an  hour  or  two  the  alcohol  may  be  drained 
off,  and  the  extract  is  ready  for  use. 

Prof.  E.  A.  Smith,  of  Tuscaloosa,  Ala.,  found  daring  the  year  1879  that 

the  extract  thus  obtained,  if  diluted  with  wat«r  at  the  rate  of  one  pcut 

of  the  extract  to  15of  wster^and  sprayed  on  the  leaves,  kills  the  worms 

that  have  come  in  contact  with  the  solution  In  a  few  minutes.    Tlte 

'  mixture  in  the  proportion  of  1  part  of  the  extract  to  20  parts  of  water 


^aovGoOt^lc 


THE  ALCOHOIJC  EXTRACT  OF  PTBETUSnM.        175 

yraa  equally  efflcaoioDB,  and  even  at  the  rate  of  1  to  40  it  killed  two- 
thirds  of  lite  worms  npoQ  which  it  waa  sprayed  in  l&or  20  minotes, 
and  the  temainder  were  snbseQaently  disabled.  In  still  weakf^r  8o)n- 
tion,  or  at  the  rate  of  1  to  50,  it  loses  in  efBcacy,  bnt  still  kills  some  of 
t^a  worms  and  disables  others. 

ProfesBor  Jones,  of  Oxford,  Miss.,  reports  his  method  of  preparing 
the  extract,  and  the  results  of  his  experiments,  made  in  1880,  as  fol- 
lows: 

In  all  my  first  ptesuftttona  1  ptocMded  m  foDowe : 

I  intTodDced  into  a  gl«M  flaak  aboat  4  oaucea  of  insect-powder,  and  added  about 
haUa  gallon  of  aloohol;  corked,  and  allowed  to  atand  foriUboiiiH. 

I  then  perforated  the  cork  and  tatrodnced  a  glass  tube,  one-fonith  of  an  Inch  in 
diameter  and  36  inches  long;  then  subjected  the  flaak  to  the  well  rega1at«d  heat  of 
s  water-bath,  not  allowing  the  lemperatnre  to  reach  the  boiliog  point  of  alcohol. 
I  uaaallj  applied  this  gentle  heat  for  abont  5  honrii ;  then  set  aside  to  cool.  At 
fiist  I  decanted  the  extract  from  the  residae,  and,  before  nalng,  diluted  with  water,  aa 
shown  in  the  exporimeuts  mentioned  iiirthei  on.  Sabseqnently  I  shonk  op  the  solid 
reaidne  of  the  inseot-powiler  with  the  extract,  and  diluted  the  whole  with  water, 
and  in  applying  kept  the  solid  matter  suspended  by  agitation.  I  found  the  latter 
plan  economical.  The  residue,  being  wet  with  alcohol,  readily  spreadn  thningbout 
the  water,  and  ftvidently  odds  something  to  the  volne  of  the  extract. 

I  have  never  seen  any  statement  or  snggeation  in  regard  to  the  nse  of  wood-spirit 
u  the  menatramn.  It  ocontied  to  me  to  try  it.  I  fonnd  it  to  be  a  quicker  solvent 
of  the  essential  oil  and  coloring  matter  of  pyrethtnm  powder  than  common  95  per 
cant,  aloobol.  I  find  that  1  pint  and  S  ounces  (by  maaaoie)  of  wood-apirit  will  ex- 
tract all  the  nsefnl  material  ont  of  on  ounce  of  pyretbinm.  Good  wood-spirit  can 
be  bought  for  91.25  per  gallon. 

The  extract  made  with  wood-splrlt  will  beat  dilation  with  a  somewhat  larger 
quantity  of  water  thsu  the  extract  made  with  ethyl  alcohol.  On  this  point  I  state 
my  resnlts  tbns: 

One  pound  p^rethrum  powder  to  20  pints  (3}  gallons)  wood-spirit;  tliia  can  be 
safely  diluted  in  the  earlier  part  of  the  season,  when  the  worms  are  auiall,  with  40 
parts  of  water ;  hence,  1  pound  pyrethrum  and  2^  gallons  methyl  alcohol  will,  when 
dilated,  make  100  gallons  of  liquid  for  the  destnictlon  of  iaseota.  Allowing  40  gal- 
lons to  the  acre,  the  cost  of  this  insecticide  would  be  $1.60;  with  improved  atomizenr 
this  will  be  Ifteened. 

Wood-spirit  is  more  volatile  than  ethyl  akwbol.  Thia,  I  think,  gives  it  consider- 
able advantage  over  ethyl  alcohol  aa  the  solvent  fior  the  esaential  oil  of  the  pjrethmm, 
when  the  extract  ia  to  be  need  for  Boll  Worms  that  are  working  on  the  contents  of 
the  bolls.  By  its  ready  volatilization  It  distributes  the  insecticide  rapidly  into  the 
adjaoent  air,  and  when  not  directly  thrown  into  the  hole  ont  by  the  Bolt  Worn  It  Is 
carried  into  the  chamber  by  rapid  difiusion,  and,  afiecting  the  worm,  canses  it  to 
oome  forth  ftom  its  concealment  npon  the  moistened  parte  of  the  plants,  where  by  the 
contact  of  the  liquid  It  ie  poisoned  to  death.  The  extract  made  with  ethyl  alcohol  is 
also  volatile,  and  prodncoa  this  same  efiiect,  though  In  a  leae  degree,  to  the  extent  that 
its  volatility  ia  leaa  than  that  of  methyl  aloohol.  The  extractive  power  of  methyl 
alcohol  on  pyietbmin  Is  ao  great  that  it  is  hardly  necessary  to  apply  any  heat.  The 
aloohol  may  be  allowed  to  stand  34  honre  on  the  powder,  being  shaken  np  a  few 
timso,  and  tlMn  the  whole,  both  the  extract  and  solid  leaidne,  may  be  mixed  with 
water,  eo  oa  to  give  100  gallons  to  the  pound  of  pyrethrrim.  I  found  that  the  use  of 
the  liquid  ia  much  to  be  piefbrred  to  the  powder.  It  reaches  oU  part*  of  the  plant 
better,  it  Is  mote  Mclly  handled,  and  it  kills- quicker. 
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Another  senes  of  trials  with  the  extract  obtained  by  lepercolation 
was  carried  on  by  Ur.  Schwarz,  at  Selma,  Ala.,  in  1880.  He  reporta  as 
follows : 

The  oztract  I  used  was  prepared  by  Mesan.  WUkius  A  Brooks,  druggists,  at  Selma, 
from  imported  insect-powder,  by  the  repercolation  procesa  as  preBcribed  in  thu  Ameri- 
ean  PharmaoopCBia.  From  1  pound  of  the  powder  1  pint  of  extract  was  obtained, 
1  ilrop  of  the  extract  tbos  lepreaeatiDg  1  grain  of  the  powder.  The  extract  is  » 
daA-brown  fiuld,  with  bnt  a  very  small  amoimt  of  Mdimcut,  which  is  very  easily 
ebakeu  up  and  doea  not  iuteifera  in  the  least  with  applying  the  fluid  Ihrongh  very 
small  ori&ced.  The  actual  cost  of  preparing  the  extract  was  GO  c^ls.  The  reaidnoin 
of  the  powder  from  which  the  extract  was  mode  was  tried  seyeral  weeks  aAerwarde 
and  did  not  seem  to  haTe  lost  mnch  of  Its  strength,  as  apon  application  with  the  in- 
sect-gnnannmberofpea-weevlls,  which  were  Jast  at  hand,  were  immediately  atTected. 
It  is  thns  qnlte  possible  that  another  pint  of  extract  of  the  bhiUio  strength  as  the  first 
could  have  been  obtained  trota  the  same  pound  of  povder.  This  mnat  be  taken  in 
account  in  the  resnlts  obtained  by  my  experimeats.  The  extract  was  diluted  with 
water,  and  by  a  series  of  trials  I  fonnd  that  10  drams  of  the  extract  to  2  gsJIons  of 
wal«r,  when  applied  with  the  fountain-pomp  or  atomiier,  is  aufllcicot  to  kill  the 
aveiage-elEed  worms  which  come  in  contact  with  the  fluid.  I^ll-groAu  worms  mostly 
recover,  while  very  young  worms  are  fatally  aflTected  by  a  moderate  applicntion  of  a 
luixtnce  of  4  drams  of  the  extract  to  2  gallons  of  water. 

The  mixture  of  10  drams  of  extract  to  3  gallons  of  water  was  applied  by  means  of 
tlie  foantaln-pnmp  from  above  as  well  as  from  the  side.  There  were  plenty  of  worms 
mostly  below  average  sIeb  on  the  plant*.  I^n  the  application  from  above,  i.  «.,  inii- 
tating  the  common  sprinkling  atrangements,  the  liquid  was  very  Itberally  used,  the 
upper  side  of  the  leaves  being  entirely  wet.  Very  many  worms  were  affected  and 
killed  by  the  liquid,  bnt  a  large  proportion  were  not  reached  by  the  spray,  and  tbe 
application  did  not  protect  the  plants,  fbr  tbey  were  denaded  of  leaves  in  the  same 
time  OS  thoee  not  experimented  with.  The  same  mixture  was  applied  IVom  the  aide 
with  the  fouDtoin-pump,  the  liquid  being  also  nsed  freely  at  a  rat«  which  I  estimated 
at  from  60  to  70  gallons  per  acre,  great  care  being  taken  to  apply  tbe  liquid  to  every 
part  of  the  plants.  Upon  examination  a1>oat  14  hours  afterwards  only  a  few  large 
worms  were  found  on  tbe  plants,  all  the  others  being  dead  or  dyiug.  Numerous  trials 
proved  that  tbe  same  mixture,  when  applied  In  tbe  mist-like  spray  of  aparlo»at«- 
mlzer,  is  fully  snfflcient  to  kill  the  wprmt,  the  amount  of  the  liquid  necessary  being 
very  aoiall.  A  mixture  of  8  drama  of  the  extract  to2gallons  of  water  was  thoroughly 
applied  to  a  uamber  of  plants  by  means  of  the  fountaln-piiuip.  All  wonns  on  the 
plants  were  affected  within  the  usual  time,  but  16  hours  afterwards  a  considerable 
jrartion  of  the  larger  worms  bad  recovered,  and  were  again  feeding.  My  experimeuts 
would  thus  show  that  1  pint  of  the  extract  (which  is  equal  to  1  pound  of  powder) 
conid  only  be  diluted  with  about  26  gallons  of  water,  or  barely  safflcient  to  go  over 
one  aore  of  cotton.  This  wonid  be  a  rather  unfavorable  result,  considering  that  to 
the  cost  of  tbe  powder  that  ,of  making  the  extract  has  to  be  added ;  but,  a«  above 
stated,  the  extract  I  oaed  was  far  from  being  a  perfect  one,  or  else  better  reenlla 
would  have  been  obtained. 

Althongh  the  resnlts  obtained  by  Professor  Jones  and  Mr.  Schwarz 
do  not  accord  witb  each  other — a  dirergence  which  ia  easily  ex- 
plained, however,  by  tbe  different  extracts  employed — they  show  sntB- 
uiently  tliat  the  eztcaot  can  be  nsed  more  economically  than  the  pow< 
der,  a  resalt  which  coald  not  have  been  anticipated  from  tbe  ezperi- 
.  meuta  made  in  1879.  Professor  Jones  estimates  that  1  poand  of  powder 
converted  into  extract  ia  safflcient  to  give  100  gallQus  of  liqaid,  wbil« 
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Mr.  Bchwarz  caloolates  1  pint  of  extract,  or  1  pound  of  powder,  to  each 
2U  galloDB  of  water ;  but  his  extract  costs  only  50  centa  iu  additioo  to  the 
cost  of  the  powder,  while  that  of  Professor  Jones  costs  aboutt  3.15  in 
addition  to  the  powder.  Allowing  75  cents  for  1  pound  of  Pjrethrum 
and  20  gallons  (with  the  improved  atomizing  machines)  of  fluid  per 
acre  of  cotton,  we  arrive  at  a  cost  of  IS  cents  for  Professor  Jones's  ex- 
tract, made  by  distillation,  and  96  cents  for  Mr.  Schwarz's  extract,  made 
by  repercolatioD.  Taking  into  account  that  Mr.  Scliwarz's  extract  was 
not  a  very  strong  one,  the  real  cost  of  the  application  will  be  nearer  tlie 
former  figure.  Further  experiments  will  no  doubt  lessen  the  cost  of 
making  a  perfect  extract,  bat  considering  the  high  price  of  the  alcohol 
necessary  to  its  preparation,  Pyrethrum,  in  the  form  of  alcoholic  ex- 
tract, will  remain  a  somewhat  expensive  remedy.  On  the  other  hand 
the  extract  is  extremely  convenient  to  handle,  and  can  be  kept  for  an 
indefinite  length  of  time  without  losing  its  efficacy. 

5.  PTBBXHBCrHmsiUPLBWAT£BBOi<OTlON.— That  a  portion  of  the 
volatile  oH  contained  in  Pyrethrum  is  soluble  in  water,  was  made  known 
in  1879  by  Professor  Hilgard;  bat  that  the  powder  simply  stirred  up  in 
water  woul^  prove  a  most  satisfactory  and  economical  method  of  appli- 
cation was  a  most  encouraging  discovery  that  resulted  from  the  exi>eri- 
ments  made  at  Selma  in  1880.  The  powder  is  most  readily  stirred  np 
in  water,  aud  the  slightest  disturbance  or  irregular  movement  of  the  ves- 
sel containing  themixture  is  sufficient  to  keep  Uie  particles  iu  suepensiou, 
owing  to  the  very  light  natnre  of  the  powder.  This  is  an  important 
point,  since  it  has  been  proved  by  experiment  that  the  mixture,  if  applied 
after  the  powder  particles  have  settled  to  the  bottom,  is  less  efficacious 
than  when  kept  stirred  op.  It  is  also  advisable  to  apply  the  mixture 
immediately  or  at  least  soon  after  preparing  it,  as  it  gradoatly  loses  its 
stiengtb,  even  if  kept  in  a  tight  vessel. 

We  had  intmsted  Mr.  Schwarz,  during  his  stay  at  Selma,  Ala.,  with 
conducting  experiments  with  Pyrethrnm-water,  and  he  reported  as  fol- 
lows: 

Ab  1  w«8  not  prepsied  to  find  this  method  of  Applying  pyrethnini  so  efficient  ftnd 
ecODomicol  ■•  it  proved  to  be,  I  o&nied  od  a  number  of  experitnenta  nilb  a  mnoh 
larger  proportion  of  the  powdoT  than  I  foand&nalljrto  be  safflcieilt  to  kill  the  worms. 
The  ennmeration  of  these  pieliminary  experiments,  in  whicb  I  waa  constant!;  lower- 
ing the  proportion  of  pyrethmm,  is  therefore  omitted  as  superfiuoua. 

After  many  trials  I  found  that  200  grains  of  ponder,  stirred  np  in  S  gallons  of 
water,  are  sufficient  to  kill  all  worms  which  are  brought  in  contact  with  the  fluid,  only 
some  of  the  fall-grown  ones  recoverinic;  that  if  a  weaker  niiztDre  is  need  a  portion  of 
the  af  etage-eized  worms  recover ;  and  that  very  young  worms  are  fatally  affected  by 
a  mixture  of  100  grains  of  powder  to  2  gallons  of  water. 

With  the  mixture  of  SOO  grains  of  powder  to  2  gallons  of  water,  the  following  four 
experiments  were  carried  on  by  myself  and  Mr.  Hubbard,  in  the  latter  part  of 
September,  and  each  repeated  several  times,  so  that  but  little  doabt  can  be  had  i«- 
gaiding  the  correotneBs  of  the  results.  There  were  plenty  of  worms  on  the  plants  at 
the  time. 

E^Mriaiait  1.— Two  gallons  of  the  liquid  applied  by  means  of  the  fountain  pomp 
frnn  above,  thus  imitatingtheactionof  any  of  the  sprinklers  now  in  nee.  The  liquid 
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wat  «ppll*d'fra«l7,  th«  npper  nufno*  of  tlw  le»TM  so  f«T  m  tliey  were  not  protsoted 
by  othen  kbors  tltam  being  pretty  tborgnghly  iretted.  Beanlt*  br  from  being  ssf- 
lofaotor;.  A  large  nnmber  of  vorms  were  affected  and  killed,  bat  a  &i  greater 
proportion  did  not  coma  In  oontact  with  tbeflaid,  and  wen  oonaeqneull;  not  aflected. 

frperiiMiil  3. — Tbe  liquid  was  again  applied  by  means  of  tlie  fonntain  pnmp,  but 
ft«m  one  side.  Id  this  ciwe  thereto  strike  the  leaves  and  branches  with  coneiderable 
fi>roe,  and  the  liqotd  is  eonseqneDtly  maob  more  scattered  than  in  the  application 
ftom  above,  Therevnlt  was  that  by  far  thelaigeBtportiouofthewonnH  were  affected 
and  killed,  hot  there  remained  enongh  on  tbeplants  todo  serions  i^Jory. 

SxperintmtS. — The  liquid- applied  as  in  theforegolngexperiment,  bat  from  the  two 
^positaddee.  Two  oomers  of  the  Qeld  were  treated  in  this  way.  Result:  The  plants 
wen  effeotnaUy  freed  from  the  worms,  and  only  a  very  few  fhll-grown  ones  were 
found  aboDt  twelve  honrs  afterwards.  I  must  state,  however,  that  the  amount  of 
liquid  used  In  this  mixture  was  very  Iarg«,  estimated  at  the  rate  of  not  lees  than  80 
gallona  per  acre. 

£xp«rlmtitt  4.— The  liquid  applied  by  means  of  the  parlor  atoniier.  This  oonld  nat- 
urally bs  carried  on  only  on  a  very  small  scale,  but  was  often  repeated.  The  result 
I  cam  draw  from  this  experiment  is  that  the  very  fine,  mist-like  spray  of  the  atomizer 
is  most  effective,  and  even  more  so  than  a  coarse  and  copions  spray. 

One  poood  of  Pyrethram,  if  nfied  at  tbe  rate  mentioned  in  these  ex- 
periments, viz.,  200  grains  of  the  powder  to  2  gallons  of  water,  coald 
thas  be  dilated  with  75  gallons  of  water,  which  would  be  sofficient  for 
2}  acres  of  cotton,  calcoIatiDg  30  gallons  per  acre.  The  cost  of  this  ap- 
plication (not  counting  in  labor  and  machinery),  consists  only  in  that  of 
the  powder,  and  putting  this  down  at  75  cents  per  imund,  we  arrive  at 
the  amonnt  of  30  cents  per  acre  of  cotton.  It  muat  further  be  considered 
that  30  gallons  of  liquid  per  aero,  applied  with  the  improved  atomizers, 
is  a  liberal  allowance,  and  tbat^  therefore,  the  cost  of  the  application 
can  in  all  probability  still  be  lowered  considerably  without  loss  in 
«ffica4^.  At  any  rat«,  this  method  of  applying  Pyrethmm  is  by  fu 
cheaper  and  simpler  than  any  other  at  present  known  to  ns.  It  is  of 
coarse  not  tree  fk«m  the  principal  drawback  of  Pyrethram  as  an  inseo- 
tif^de,  and  a  repeated  application  is  necessary-  to  protect  the  cotton 
from  one  generatfon  of  worms.  But  even  this  double  application  is 
cheaper  than  the  dry  Paris-green  remedy,  as  carried  on  by  the  sifting 
method. 

5,  The  tea  ob  dboootion  of  Ptrbtheum. — Professor  Hilgard, 
who  first  called  oar  attention  to  this  method  of  using  Pyrethmm,  ex- 
presses himself  most  favorably  as  to  the  results  of  this  esperimenU 
He  says: 

I  think,  tnm  my  experiments,  that  the  («a  or  infUtio*  pr^ared  from  IA«  Jbmen 
(which  need  not  be  ground  np  &r  tbe  purpose)  is  tbe  most  convenient  and  efBcaciooa 
form  of  osiug  this  inseotloide  in  tbe  open  air ;  provided  that  It  ia  Mod  ol  ttM«i  wtn 
the  wakr  will  not  teaporaU  too  rapidly,  and  that  It  is  applied,  not  by  pouring  over  in  a 
stream,  or  even  In  drops,  but  in  tAe/onn  o/ a  ipniy /ram  a«yr<i<f«  with Jlu  holes  in  its 
roM.  In  this  cose  the  fluid  will  reach  the  insect  despite  of  its  water- shedding  sur- 
faces, hairs,  &c  ,  and  stay  long  enough  to  kilL  Thus  applied,  I  have  fbnn^  11  to  be 
efficient  even  against  the  armored  scale-bug  of  tbe  oruoge  and  lemon,  which  lalisoff 
in  the  course  of  two  or  three  days  afl«r  the  application,  while  the  young  brood  is 
almost  instantly  destroyed.  As  the  flower  tea,  unlike  whale  soap  and  other  washes, 
lesve«  tbe  leftvei  perfectly  clean  and  do«  aot  injure  even  th«  mwt  tender  growth,  it 
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ia  preToTkble  on  tbat  score  »1odb  ;  and  in  the  f  atare  It  can  liaidl;  fall  &1so  to  be  the 
cheaper  of  the  two.  This  ia  the  more  likelf,  a*  the  tea  made  of  Ibe  leaves  and  stems 
has  similar,  althoogh  coDsideiably  weaker,  effects ;  and  if  tlio  farmer  or  frnit-groner 
treie  to  grow  the  plants,  be  wonld  save  all  the  ezpenae  of  harvesting  and  griodiog 
the  flowei-heods  b;  dmply  nsing  the  headei,  coring  tbe  upper  stems,  leaves,  and 
floirer-beodB  all  together,  as  he  iroold  hops,  making  the  tea  of  this  material  b;  the 
hogshead,  and  diatribating  it  irom  a  cart  through  a  syriuge.  It  should  be  diligently 
kept  in  mind  that  the  least  amount  of  ^ilinir  nill  serioasly  injure  the  strengtb  of 
this  tea,  which  should  be  madt  with  briakly  boiling  water,  but  tbea  simply  covered 
over  closely,  bo  as  to  allow  of  as  little  evaporation  as  possible.  The  details  of  ils 
most  eooDOmical  and  effeetoal  nse  on  the  large  scale  remains,  of  course,  to  be  worked 
ODt  by  practice. 

Eaviug  no  eufflcient  supply  of  flower-lieads  at  oar  disposal  ve  bave 
been  imable  so  far  to  repeat  these  experimeDts.  Mr.  Hubbard  made 
ftD  iofiifiiou  bypotmng  hot,  not  boiling  water  upou  tbe  ponder,  bat 
fotmd  it  ineffective  and  quite  worthless,  and  we  have  had  similar  re- 
enlts  with  the  decoction  of  tbe  ponder. 

The  wet  application  of  Pyrethrnm,  in  whatever  form  it  may  finally 
prove  most  convenient,  is  unqnestionabl;  superior  to  its  application 
in  powder  form,  the  former  being  by  far  more  economical  and,  with  tbe 
improved  appliances,  enabling  us  the  better  to  reach  all  the  worms. 

Effect  of  ptbetheum  upon  other  ihsects. — While  arsenical 
poisons  directly"  affect  only  those  insects  which  feed  on  the  leaves  of 
the  cotton  plant,  or,  in  otlier  words,  only  the  enemies  of  the  plant,  Py- 
rethrum  affects  all  insects  that  happen  to  be  on  tbe  plants  at  the  time 
of  tlie  application.  Since  among  tbeae  are  great  numbers  of  some  of 
the  most  efficient  enemies  of  the  worm,  it  is  not  wlthoat  interest  to 
record  here  such  observations  as  have  been  made  incidentally  in  regard 
to  the  effect  of  Fyrethnun  on  other  insects  besides  Aletia,  even  if  they 
include  some  that  have  no  connection  with  the  cotton  plant.  Mr.  Hub- 
bard reports  aa  follows: 

Tried  apoD  different  insecto,  pyrethmm  appears  to  affect  the  higher  Bj/aitnepbra 
more  than  other  insects.  Ants  ore  almoat  instantly  affected.  Wasps  continue  feed- 
lug  for  abont  30  seconds,  and  are  violently  affected  in  from  1  to  3  miuutcp.  Larvcs  of 
all  kinds  are  more  qnickly  affected  than  images.  Termites,  owing  probably  to  their 
tender  bodies,  are  instantly  affected  and  soon  killed.  Spiders  resist  longer  than  any- 
tbtngelse.  They  sometiines  change  their  skins  when  dnsted  with  the  powder.  Coprii 
and  Phantnu  are  slightly  affected  and  long  resist  the  action  of  the  powder.  Soetiy- 
prndrida  affected  similarly  to  spiders.  Bugs  slightly  affected,  especially  the  large 
sod  heavily  armed  predoceons  species.  Roaches  very  violently  affected.  These  ob- 
servations refer  to  the  immediate  action  of  the  dry  and  nndilnted  powder,  and  are 
ocmparatlve  only. 

Mr.  Schwarz  records  the  following  observations  on  this  point: 
A  thorough  application  of  ray  alcoholic  extract  (10  drams  to  3  gallons  of  water), 
and  of  my  pyrethmm- water  (300  grains  of  powder  to  3  gallons  of  water),  affected  other 
insects  m  follows:  They  bad  no  visible  effect  on  all  spiders,  without  exception,  ou 
the  larvEB  of  Lagoa  sp.,  Hyperdiiria  io,  Acronycia  oblinita,  and  Ecpantliei-ia  icribonia; 
they  affected,  but  not  fatally,  tbe  common  Black  Cricket,  tbe  various  species  of  grass- 
boppers  and  their  larvot,  tbe  ground-beetles  so  common  nnder  the  fallen  leaves  at 
the  hiie  of  the  plants  {Antniactulm  ntUout,  Platfinu  ftmo^ffmU  and  P.  DMOuItwIlM), 
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ranoua  Ladybirds,  ftnd  Urge  Cliryadinelldie.  Fatkll;  affected  were  all  Hymenopt«r- 
0118  insects,  all  Heteroptera  and  Bomoptora  (no  opportunity,  however,  to  try  on 
Apbids) ;  several  species  of  naked  Noctuid  Urve,  CaXMd  itaora,  CoptocycJa  awndutcta 
and  its  larva,  Moneortpidivi  litMiu  and  M.  tt»ptrti>iM»,  Ladybird  lorvs,  larv»  of  Cfcry- 
»opa,  CmnerotiM  and  Syrpkvt*.  Qt  all  these  insects  the  ants  ate  by  far  most  readily 
affected.  The  mixtorea  hardly  affected  Pi«rit  larviB,  and  not  at  alt  those  of  Taiat 
nldppe. 

It  cannot  be  denied  that  this  promiscuous  destruction  of  Mend  and 
foe  alike  is  a  disadvantage,  bat  all  observers  agree  that  the  Cotton 
Worm  is  one  of  the  first  insects  to  saccumb  to  the  effects  of  the  powder. 

When,  in  1879,  we  began  to  experiment  with  Pyrethnim  in  the  field, 
there  was  little  hope  of  snccessfnily  applying  this  expensive  matenal 
on  a  large  scale,  bnt  ve  hare  seen  that  even  at  the  high  price  of  75  cents 
per  pound  the  powder  can  be  successfully  used  in  the  field  at  a  cost  not 
exceeding  that  of  the  dry  Paris  green  method,  and  against  an  insect 
which  is  remarkably  well  protected  by  its  habits  and  by  the  large  size 
of  the  plants  upon  which  it  depredates.  That  the  price  of  Pyrethmm 
can  and  will  be  couBiderably  lowered  admits  of  do  doubt.  Mr.  Milco, 
of  Stoc&ton,  Gal.,  wrote  us  in  1879  that  the  cost  of  production,  milling, 
&c,  on  a  large  sc^e  need  not  exceed  6  to  7  cents  per  pound.  The  seed 
of  Ptfrethrum  roaeum  and  P.  dneraricefoUum  was,  in  1880,  dib^tribated  by 
the  \j.  S.  Entomological  CommisBion,  while  another  supply  of  seed  was 
sent  out  in  1881  and  1882  to  parties  all  over  the  country  by  the  Departi- 
ment  of  Agriculture,  accompanied  by  a  circular  containing  all  available 
information  regarding  the  cultivation  and  nse  of  the  plant.  Though 
many  failures  have  been  reported,  the  plants  have  grown  well  in  other 
cases,  and  it  can  fa&rdly  be  doabted  that  the  cultivation  of  pyrethmm 
will  prove  a  success  in  many  portions  of  the  Eastern  States,  and  that 
the  market  price  of  the  powder  will  be  lowered  in  a  future  not  very  far 
remote.  That  the  farmer  or  planter  is  able  to  raise  his  own  supply  of 
powder  is  an  important  point  not  only  in  regard  to  cheapness  of  Uie  ma- 
terial, bnt  also  as  a  protection  against  adulteration,  which  is  the  more 
dangerous  in  this  case  as  the  adulterated  article  cannot  be  distinguished 
from  the  genuine  one  except  by  continued  experimentation. 

EXPEBIMBNTS  'WITH  THK  POWDER  PBOM  OX-ETE  DAIST. 

In  the  summer  of  1880  Mr.  William  Saunders,  of  the  Department  of 
Agriculture,  called  our  attention  to  the  possibility  of  discovering  in  one 
of  our  roost  common  plants,  the  well  kuowu  Ox-eye  daisy,  insecticide 
properties  similar  to  those  possessed  by  Pyrethmm.  He  wrote  us  as 
follows:  "On  running  over  the  pages  of  your  Bulletin  on  the  Cotton 
Worm  I  notice  that  you  have  something  to  say  about  pyrethrum  pow- 
der, which  reminds  me  that  Dalmatian  Insect  Powder  is,  according  to 
Bomo  authorities,  made  fixim  the  Laicanthemum  vulgare,  our  Ox-eye 
daisy.  In  Europe  it  is  called  Chrysanthemum  leucanthemum-  Could  we 
not  so  utilize  that  vile  weed  T  I  think  the  subject  is  worthy  of  experi- 
ment."   When  perfectly  dry  these  were  finely  ground,  and  we  obtodued 
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a  powder  so  alike  in  color  and  smell  to  Fyrethrutu  powder  tliat  tbe  two 
conid  not  readily  be  distingnished.  But  however  great  this  extern^ 
resemblance,  the  two  differed  widely  in  efficacy  as  insecticides.  Dr. 
Barnard,  who,  while  still  in  Ithaca,  New  York,  made  some  preliminary 
trials  with  the  alcoholic  extract  from  the  fresh  or  half  dried  flower 
heads,  wrote: 

"  I  have  DO  evidence  that  the  extract  will  prove  of  any  practical 
value,  dfter  having  atomized  it  on  to  many  specimens  of  larval  po- 
tato-beetles, aphides,  young  grasshoppers,  Mamestra  picta,  Fieris  rapa, 
and  other  caterpillars." 

As  to  tbe  experiments  with  the  dry  powder,  Mr.  Schwarz  reports  as 
follows ;  "  Ox-eye  daisy  powder  was  repeatedly  applied  to  Cotton  Worms 
in  the  earlier  part  of  October  in  the  following  forms:  Ist,  as  dry  pow- 
der, mixed  with  flour,  and  undiluteil;  2d,  stirred  up  in  water;  3d,  .is 
alcoholic  extract  (made  by  repercolation)  dilated  with  water  and  undi- 
luted; 4th,  as  tea;  5th,  as  a  fame.  In  no  iiistunce  even  tbe  slightest 
eflfect  on  young  or  old  worms  was  observed,  tbougb  powder  and  fluids 
were  applied  in  large  quantities  and  undiluted.  Tho  experiments  were 
all  conducted  with  a  view  to  ascertain  the  cfl'ect  of  fbe  powder  on  the 
worms  by  actual  contact,  and  not  by  acting  througU  tbe  stomach.  I 
am  also  not  prepared  to  say  whether  or  not  this  powder  b»s  any  efl'ect 
on  other  insecte;  but  there  can  ho  no  doubt  that  if  applied  like  pyre- 
thrum,  it  is  utterly  worthless  as  a  remedy  for  tho  Cotton  Worm." 

Other  experiments  with  infusions  and  decoctions  made  from  tbe  fresh 
and  dried  flower  beads  and  other  parts  of  the  plant,  gave  no  better  re- 
snlts,  and  every  hope  of  obtaining  in  this  plant  a  substitute  for  py- 
rethrum  had  to  be  abandoned. 

EXTEACTS  AND  DBCOCTIOHS  FROM  VABJOUa  PLAHTS. 

That  there  are  plants  which  contain  volatile  oils  similar  in  eflect  to  tbat 
possessed  by  Pyrethrum,  admits  of  little  doubt.  Professor  Barnard 
extracted  from  Bitter  Almonds  an  oil  which,  upon  experimentation, 
proved  to  be  equal  or  even  superior  to  pyrethram  powder.  However, 
this  oil  is  BO  expensive  tbat  no  farther  experiments  were  made  with  it. 
The  vapor  exhaled  from  tbe  husk  of  certain  South  American  nuts  is 
BO  strong  as  to  be  dangerous  even  to  man,  but  we  were  not  able  to  pro- 
cure such  to  ascertain  their  effect  upon  insect  life.  Tbe  method  priic- 
ticed  by  European  entomologists  of  killing  microlepidoptera  and  other 
delicate  insects  by  the  vapor  emitted  by  laurel  leaves  also  deserves  men- 
tion here. 

Bat  few  of  oar  insecticides  are,  so  far,  drawn  from  the  vegetable 
kingdom,  the  most  Important  of  them  being  tobacco,  hellebore,  and  py- 
rethram ;  bnt  there  is  a  wide  field  in  this  direction  for  investigation. 
The  task  of  discovering  among  the  multitude  of  plants  such  as  may 
possess  inaeoticide  properties  is  a  difficult  one,  since  we  have  little  to 
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gpide  08.  Plants  that  are  poisonous  to  man  and  tbe  higher  animals  are 
oBually  harmless  to  insects;  others  may  possess  iust^cticiile  qnalities 
only  at  a  certain  season  or  only  when  they  are  dried  or  otherwise  pre- 
pared ;  in  still  othor  plants  only  one  part,  e.  g.,  the  flower  or  the  root, 
may  prove  useful,  perhaps  only  at  a  certain  stage  of  development,  and 
the  rest  worthless.  Hence  experiment  in  this  direction  must  be  more 
or  less  tentative,  and  practical  results  will  follow  only,  if  at  all,  the 
most  extensive  trials.  Other  difficulties  also  present  themselves.  Two 
observers,  while  experimenting  with  the  same  material,  with  the  same 
instramente,  and  ander  precisely  similar  conditions,  often  report  vary- 
ing results }  or  the  same  observer  after  a  favorable  result  in  the  first  trial 
obtains  a  quite  different  result  in  subsequent  trials.  In  the  case  of 
the  Cotton  Worm,  with  its  rapid  development,  there  is,  also,  great  risk 
of  drawing  false  conclusions,  the  most  frequent  cause  being  tbe  appar- 
ent sadden  disappe^^nce  of  the  worms,  or  at  least  of  a  large  portion 
of  them,  after  the  application  of  the  "remedy."  The  worms  may 
have  simply  changed  to  chrysalides  or  may  have  been  carried  away  by 
enemies.  Again,  the  presence  of  a  number  of  dead  worms  npoii  and 
nnder  the  plants  is  often  misleading,  as  such  worms  may  have  been 
killed  by  tbeix  nnmerous  enemies.  Finally,  very  young  worms,  or  such 
as  are  just  in  the  act  of  moltjng,  are  often  killed  by  the  mere  force  of 
a  spraytbrown  upon  them, while  others  that  havefallen  to  the  ground, 
and  are  more  or  less  covered  with  soil,  exhaust  themselves  in  their 
■  frantic  efforts  to  get  rid  of  the  incumbrance. 

In  this  connection,  also,  it  must  be  remembered  that  experiments 
made  indoors  are  without  praetical  value  unless  confirmed  by  repeated 
experiments  in  the  field. 

The  plants  with  which  we  have  experimented  are  partly  sneh  as  were 
recommended  by  correspondents  as  being  efficient  for  the  Cotton  Worm 
or  other  iDSects;*  partly  such  as  £rom  their  immunity  from  insect  at- 
tacks might  be  presumed  to  possess  insecticide  properties.  Prevalence 
and  cheapness  being  desiderata  in  any  plant  that  might  prove  to  have 
destructive  qualities,  many  of  the  weeds  that  by  their  abundance,  per- 
sistency, and  power  of  adaptation  are  so  obnoxious  to  agriculture  iu  the 
Sooth  were  tested.  In  order  to  test  suchplants  thoroughly  they  should 
be  used  both  fresh  and  dry,  and  in  flower,  fruit,  leaf,  and  root.  This  is 
a  work  of  considerable  magnitude  which  cannot  possibly  be  accomplished 
in  one  or  two  seasons,  and  for  the  purpose  of  this  investigation  we 
deemed  it  advisable,  with  few  excejitions,  to  first  try  alcoholic  extracts 
and  decoctions,  mostly  made  from  the  fresh  plants,  leaving  for  the  future 
more  complete  experiments  with  such  as  give  promise  of  success.  While 
theresults  thus  far  obtained  seem  discouraguig,  considering  the  outhiy 
in  money  and  time,  and  while  in  no  case  was  the  effect  upon  tbe  worms 
Bach  as  would  warrant  the  recommendation  of  any  of  these  plants  fur 
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the  pnrpose  ioteoded,  yet  we  are  oot  without  hope  tbat  some  of  tbem 
will  ultimately  prove  valuable  additiooB  to  the  list  of  insecticides  fYom 
tlie  vegetable  Icingdom. 

Ko  uuifonuity  in  preparing  the  extracts  and  decoctious  was  required 
from  the  ageiits  of  the  CommisBion,  aa  we  deemed  it  best  to  have  them 
prepared  in  different  ways  and  in  various  proportions.  This  may  ex- 
plain, in  some  measurei  the  discrepanoy  in  the  results  obtained. 

Mr.  James  Boane  prepared  daring  his  stay  at  Selma  a  large  number 
of  extracts,  decoctions,  aod  infusions,  reporting  as  follows  in  regard  to 
their  preparation :  "  My  infusions  and  decoctions  are  made  in  various 
degrees  of  concentration,  while  the  alcoholic  extracts  (prepared  by 
macerating  the  crude  drugs  in  one  part  of  pure  alcohol  and  one  part 
water  for  fifty  hoars  and  then  subjecting  them  to  a  strong  pressure  in 
a  screw  press)  have  been  made  of  uniform  strengtli— of  the  green  leaves 
foarj^uDceB  being  taken  to  thepintj  ofthe  dried,  twoounoes.  In  all  of 
my  preparations  I  have  used  the  leaves  and  herbal  parts  of  the  plant,  ex- 
cepting the  bark  of  the  root  of  sassafras  and  the  berries  of  the  Gfaina 
tree.  The  decoctions  and  infusions  have  been  made  In  quantities  rang- 
ing from  two  quarts  to  a  gallon  and  the  alcoholic  extract  invariably  a 
pint" 

These  preparations,  amounting  in  all  to  forty-eight,  were  tested  at 
Selma,  Ala.,  during  the  months  of  July,  Angnst,  and  September,  by  Mr. 
Schwarz. 

Professor  Jones  prepared  at  Oxford  a  smaller  number  of  vegetable 
extracts  and  decoctions,  mostly  teom  the  same  species  of  plants  used 
by  Mr.  Boane,  the  preparations  being  made  in  various  degrees  of 
strength,  the  plants  or  parts  of  tbe  plant  being  first  carefully  dried  in 
the  shade.  He  tested  them  himself  at  Oxford  on  the  Cotton  Worm  as 
well  as  on  other  injurious  insects,  and  sent  also  a  supply,  for  experi- 
mentation to  Selma,  Ala.  Professor  Jones's  decoctions  were  made  in 
large  quantities,  so  that  they  could  be  used  on  an  extensive  scale. 

Similar  experiments  were  conducted  by  Dr.  Barnard,  at  Ithaca,  S.  Y., 
with  a  small  series  of  extracts  prepared  by  him.  As  he  had  no  Cotton 
Worms  at  hand  he  tested  his  preparations  on  various  other  insects, 
but  he  forwarded  samples  to  Selma,  Ala.,  where  they  were  also  tested 
on  the  Cotton  Worm. 

Finally,  Professor  Stella  briefiy  gives  in  his  report  the  results  of  a  few 
experiments  with  vegetable  preparations  made  daring  his  stay  in  Texas, 
while  a  few  other  experiments  made  by  Mr.  Schwarz,  in  1870,  have  al- 
ready been  recorded  in  the  first  edition  of  this  work. 

The  effects  of  these  substances  on  the  Cotton  Worm  may  be  threefold 
first,  they  may  kill  it  by  contact ;  secondly,  they  may,  like  the  mineral 
poisons,  act  through  the  stomach;  thirdly,  they  may  render  the  leavet 
of  the  plant  so  distasteful  to  the  worms  as  to  drive  these  from  th* 
plant  Effect  upon  contact  is  easily  observable  even  where  not  fataL 
It  usually  takes  place  very  soon  after  application,  and  it  may  safely  be 
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assttmed  tbat  if  there  ia  no  effect  observable  about  one  hour  after  ap- 
plicatioD,  tbe  substaDce  is  ioiiocaous.  A  geueral  distarbance  of  the 
worms  immediately  follows  the  application  of  any  Bubatance,  however 
liarmlesa,  and  should  not  be  taken  in  aceotmt.  Eff^t  through  the 
stomach  is  not  rit^ible  until  after  nt  least  twenty -four  hours,  and  in  some 
instances  not  until  the  second  or  even  the  third  day  after  application, 
as  the  worms  (prompted  no  doubt  by  instinct)  do  not  feed  upon  a  sab- 
stance  injurious  to  them  nntil  they  get  hungry.  As  to  the  third  point, 
almost  any  atrauge  substance  thrown  or  sprayed  on  the  leaves  stops  the 
worms  from  eating  for  a  shorter  or  longer  period,  and  observations  as 
to  the  final  result  must,  therefore,  be  extended  over  several  days.  A 
fourth  point,  viz.,  the  poasible  inSuence  of  such  applications  on  tbe  ovipo- 
aition  of  the  moth  has  already  been  referred  to. 

The  following  list  of  plants  experimented  with  is  given  without  any 
systematic  arrangement.  If  no  effect  on  the  worms  was  obtained  by 
several  independent  experimenters,  we  have  simply  added  "  no  result." 
Otherwise  the  results  obtained  by  tbe  individnal  observers  are  given  in 
condensed  form,  with  the  name  of  the  observer  added  in  brackets. 

AlLANTHUS  TEEE  ("Tree  of  iteaveu," Ailanthus glandulosa.].  Decoc- 
tion and  infusion  of  leaves.    No  result.** 

Jamestown  weed  {Datura  gtramonium).  Alcoholic  extract  from  dried 
and  ground  seed.  Ko  result.  [R.  W.  Jonea.]  Alcoholic  extract  and  de- 
coction from  leaves.    No  resnlt.     [E.  A.  Schwarz.] 

BoNESBT  {Eupatorium  per/oliatum).  "  Powdered  leaves  applied  to  the 
plant  seemed  obnoxioua  to  the  worms."  [J.  P.  Stelle.]  Infusion  from 
leaves.    No  success.    [E.  A.  Schwarz.] 

Dog  Fe>'nel  (Helenium  tenvifoHum  and  autumnale).  "This  plant',  of 
which  I  entertained  considerable  hopes,  will  render  the  cotton  plant  so 
obnoxious  that  the  worms  won't  feed  upon  it,  but  it  won't  kill  the 
worms."  [J.  P.  Stelle.]  Decoction,  infusion,  and  alcoholic  extract. 
No  result.  [R.  W.  Jones  and  £.  A.  Schwarz.]  Flower  heads  dried  and 
powdered.     No  result.     [E.  A.  Schwarz.]" 

CocKLEEUR  [Xanthium  strumarium).  Alcoholic  extract  and  decoc- 
tion.    No  result.     [E.  A.  Schwarz.] 

Buckeye  {JEscuIus  glabra).  Alcoholic  extract  from  frnits.  No  result. 
(U.  W.  Jones.]  Alcoholic  extract  and  decoction  of  leaves.  No  result. 
(E.  A.  Schwarz.] 

Bag  weed  [Anibrosia  trifida).  Decoction,  infusion,  and  alcoholic  ex- 
tract.   No  result. 

Hoo  Weed  [Ambrosia  artemisifBfolia).  Alcoholic  extract  and  decoc- 
tion.   No  result.     [E.  A.  Schwarz.] 

Indigo  weed  {Baptisia  ttnctoria).  Alcoholic  extract  and  decoction. 
No  result.     [E.  A.  Schwarz.] 

Deadly  hightsdade  {Atropa  belladonna).  Decoction  and  alcoholic 
extract  of  leaves.     No  result.     [E.  A,  Schwarz.] 

'SoBA.COo  {^icoHana  tabacum).  "Strong  decoction  of  dry  leaves  freely 
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applied  affects  and  kills  by  contact  very  yonng  worms,  but  has  little  or 
no  effect  upon  the  average  sized  and  full-grown  ones.  They  do  not  feed, 
however,  for  a  coDsidorable  length  of  time,  changing  their  places  in 
search  of  fresh  leaves."     [K.  A.  Schwarz.] 

Prickly  ash  [Zanilioxylvm  caroUnianvm).  Powdered  leaves. 
"Seemed  obnoxious  to  the  worms."    [J.  P.  Stelle.] 

Smaetwebd  {Polygonum  kydropiper).  Decoction  of  leaves  and  alco- 
holic extract.     Ko  result. 

Mullein  ( Verbascvm  thapaua).  Alcoholic  extract  and  decoction  of 
leaves.    TSo  result.     [E.  A.  Schwarz.] 

Pbnntbotal  {EedeomapuUgioidea).  Alcoholic  extract,  decoction,  and 
infusion.     No  result.     [K.  W.  Jones.] 

HoRSEJSisT  {Monarda  punctata).  Alcoholic  extract  of  leaves.  No  re- 
fiolt.    [E.  A.  Schwarz.] 

HOBEEOUNB  {Marrubium  vulgare).  "  This  decoction  emits  a  very  pow- 
erful and  disagreeable  stench,  which  I  could  still  smell  on  the  cotton- 
plants  two  days  after  application,  but  it  had  no  effect  whatever  on  the 
worms,  nor  did  it  prevent  the  moths  from  ovipositing.  The  alcoholic 
extract  did  not  possess  this  nnpleasaut  smell,  and  had  likewise  no  effect 
whatever."    [E.  A.  Schwarz.] 

China  tbee  {Melia  oisedaraek).  "  I  sprayed  a  decoction  of  leaves  and 
small  twigs  on  the  cotton  plants,  and  I  think  it  had  a  large  effect  in 
preventing  the  moths  of  Heliotbis  and  Aletia  from  ovipositing,  but  it 
did  not  destroy  the  larvee.  The  alcoholic  extract  of  the  berries  and 
leaves  adulterated  with  twice  its  quantity  of  water  was  sprayed  on 
twelve  Aletia  larvee,  full-grown ;  most  of  them  fell  to  the  ground,  and  four 
died.  This  experiment  was  repeated  with  about  the  same  result;  but 
when  the  extract  was  diluted  with  ten  parts  of  water  it  failed  to  bring 
the  worms  to  the  ground."  [B.  W.  Jones,]  "This  plant,  in  Uie  form  of 
alcoholic  extracts  as  well  as  decoctions,  undoubtedly  possesses  some  in- 
secticide properties,  acting  upon  the  worms  by  contact,  but  in  a  manner 
quit«  different  fh)m  pyrethrum  and  kerosene.  The  acting  principle 
seems  to  be  of  a  narcotic  nature,  the  worms  not  showing  any  unusual 
disturbance  after  application.  They  seem  to  get  bentunbed,  and,  gradu- 
ally losing  their  stVength,finally  loosen  their  hold  and  drop  to  theground, 
wherfe  they  lie  without  falling  in  convulsions.  The  more  full-grown 
worms  are,  however,  but  little  aflected,  and  of  the  smaller  ones  a  large 
proportion  recover.  This  is  the  most  promising  plant  of  the  whole 
number  I  experimented  with,  though  the  extracts  and  decoctions  as  ap. 
plied  by  myself  are  altogether  too  weak  to  be  used  as  a  remedy  for  the 
worms.  The  preparations  made  from  the  berries  are  evidently  more 
effective  than  those  from  the  leaves,  and  the  extracts  and  decoctions 
made  by  Mr.  Roane  proved  to  be  more  effective  than  those  I  received 
from  Prof.  K.  W.  Jones,  of  Oxford.  For  further  experiments  I  would 
recommend  preparations  from  the  dried  green  berries."    [E.  A.  Schwarz.] 
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Ibox  weed  ( Vemonia  noTeboracefuig).  Alcoholic  extract  aad  decoc- 
tion.   Ko  resalt.    [E.  A.  Schwarz.] 

Taksy  {Tanacetum  vitlgare).  Alcoholic  extract  and  infasioD.  So  re- 
sult. 

Dock  weed  {Bumex  sp.).  Alcoholic  extract.  "So  result.  [E.  A.. 
Schwarz.  j 

Speabmint  {Mentka  viridU).  Alcoholic  extract.  No  result.  [E.  A. 
Schwarz.  J 

Jerusalem  weed  {GJienopodium  antkelmintioum).  Alcoholic  extract 
aud  iofusion.  "Thia  is  another  exceedingly  etroug-smelling  HubataDoe^ 
eepecially  in  the  form  of  alcoholic  extract  made  from  the  blossoms  aud 
green  fruits,  but  no  efTect  whatever  was  obserred."     [E.  A.  Schwarz.] 

Sassafras  {Sassafras  officinale).  Alcoholic  extract  from  the  dried 
bark  of  the  root.    TSo  result.     [E.  A.  Schwarz.] 

OoAT  WEED  [Croton  texanum,  C.  glandulosuni,  C.  copitefum,  and  O, 
monantkogynvm).  Decoction  l^om  leaves  and  blossoms.  Also  a  very 
stroDg-smelling  fluid.    Ko  result.    [E.  A.  Schwarz. | 

Black  walnut  [Juglans  nigra).  Alcoholic  extract  sad  decoction. 
"A  substance  which,  especially  in  the  form  of  decoction,  deserves  fur- 
ther attention.  It  has  no  effect  on  the  worms  upon  contact,  but  renders 
the  leaves  decidedly  distasteful  to  them.  On  the  second  day  after  ap- 
plication the  leaves  which  hod  received  a  large  amount  of  the  decoction 
remained  fiilly  intact,  the  worms  having  removed  to  the  lower  branches 
and  to  those  portions  of  the  plants  which  were  not,  or  bat  little,  treated 
with  the  decoction.  Several  worms  kept  in  captivity  without  food  ex- 
cept leaves  drenched  with  thin  decoction  finally  fed  opon  them  and 
successfully  changed  to  pnpe.  The  decoction  stains  the  leaves  dark 
brown,  but  apparently  without  injuring  them."     [E.  A.  Schwarz.} 

Horse  nettle  {SoIanumcaroUnenae  and  &  tornutum).  Decoction. 
"So  result 

Indlan  heliotrope  (Beliophi/tum  indiount).  Decoction.  Ko  result. 
[E.  A.  Schwarz.] 

MooK  OBANOE (PAilodeljiAiM  inodorusi).  This  ia  recommended  as  an 
insecticide  all  over  the  South,  for  the  only  reason,  it  seems,  that  it  is 
injurious  to  stock.  Decoction,  infusion,  and  alcoholic  extract  had  do 
effect  whatever  on  the  worms. 

Wbite-bobdebkd  EUPHORBIA  (Huphorbia  marginata).  Decoction. 
Ko  result    [E.  A.  Schwarz.] 

Coffee  weed  (Cassia  ocoidentatis).  Alcoholic  extract  and  decoction. 
"This  has  undoubtedly  some  effect  on  the  worms,  though  much  less 
than  the  China  tree  berries.  Appears  to  act  upon  contact,  though  very 
slowly.  The  worms  appear  to  get  affected  several  hours  after  applica- 
tion, resting  motionless  and  without  feeding,  but  were  recovered  on  the 
second  day.  Some  young  worms  were  found  dead  one  day  after  appli- 
cation, but  it  is  doubtful  whether  from  the  effect  of  the  decoction  or 
mied  by  the  force  of  the  spray."    [E.  A.  Schwarz.] 
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"PoxzVTEBJi  [Phytolaeca  deeandra).  Decoction  of  leaves  and  berries ; 
also  alcobolic  extract  from  the  dried  root.  TSo  result.  [B.  W.  Joues.] 
"I  did  Dot  obtain  any' effect  vith  the  decoction  prepared  by  Messrs. 
Jonea  and  Boane,  bat  a  very  small  quantity  prepared  by  Professor  Bar- 
nard had  a  decided  effect,  killing  the  yonug  worms  and  serioasly  affect- 
ing the  older  ones.  It  was  applied  nndiluted,  by  means  of  a  hand  at- 
omizer. The  extract  acted  npon  contactin  a  very  short  time,  the  yoong 
worms  fitlUng  in  conTnlsion  of  short  duration  before  dying.  The  old 
vorms  bad'all  recovered  the  second  day.  Professor  Barnard  afterwards 
told  me  that  this  extract  was  a  very  strong  one."    [E.  A.  Schwarz.J 

Mandrake  [Podophyllum  peltatwn).  Powder  from  dried  root  dusted 
on  the  worms;  also  applied  stiiTed  np  in  water.  No  reaalt.  [U.  A. 
Schwarz.] 

Qdasbia  T£A  (2  onnces  to  one-half  gallon  of  water).  "Worms  feeble 
next  mommg,  but  alive."    [0.  T.  Biley.J 

GAPSlcnu. — Mr.  Schwarz  experimented  with  this  substance,  and  re- 
ports as  follows: 

September  18. — Undilnted  capdomiiwaB  Bpra;«d  (with  the  hand  Btemizer)  Indoors 
OD  some  ootton  worms  of  aveiAge  size.  No  immediate  eSeot  vleible  and  nooe  one 
boor  altetyiaxAa,  bat  twelre  honm  later  aU  worms  were  dead. 

September  19.— The  same  experiment  repeated  in  the  field  on  worms  on  an  isolated 
plant.  No  effect  risible  after  two  hours,  bat  six  hoars  later  all  worms  sprayed  with 
the  snbatanoe  were  foond  dead.  Applied  capeicam  dilated  with  five  times  the  amonnt 
of  water.  No  efiTeet  vigibla  afler  twelve  hoars,  the  worms  feeding  again  on  the  leaves 
sprayed  with  the  mlxtnre.  The  ezperimenta  were  then  diecontiDned  on  account  of 
the  most  unpleasant  eCFeot  of  the  capsionm  upon  myeelf.  From  my  last  experiment, 
however,  I  do  not  belisTO  that  eapsienni  will  bear  much  dilntion  witbont  losing  its 
effloaey  on  the  worms.  It  ondonbtedly  aSeota  the  worms  by  oontaot,  thongh  I  am 
nbable  to  explain  the  exaet  manner  in  wMob  It  aats. 

Sone  of  these  vegetable  preparations  appear  to  be  hurtful  to  the 
plants,  though  in  several  Instances  it  has  been  observed  that  the  leaves 
became  slightly  scorched  npon  application  during  very  hot,  bright  sun- 
sbioe,  especially  in  forenoon  after  the  dew  had  disappeared.  As  the 
same  substances  were  subsequently  or  previously  applied  without  injury 
to  the  plants,  there  can  hardly  be  any  doubt  that  this  injurious  influ- 
ence must  be  attributed  to  other  conditions.  While  speaking  of  arsen- 
ical poisons  and  kerosene,  I  mentioned  that  they  are  more  liable  to  injure 
the  plants  when  applied  during  hot  stmshine  than  during  cloudy  weather 
or  toward  evening.  In  the  case  of  these  vegetable  preparations  the 
same  conditions  doubtless  prevaiL 

As  a  remarkable  iact  in  connection  with  these  experiments,  we  would 
still  mention  the  slight  effect  produced  on  the  worms  by  alcohol.  Many 
of  the  alcoholic  extracts  experimented  with  consisted  of  one-third  alco- 
hol, and  had  no  effect  whatever,  even  upon  very  young  worms.  Even 
pore  alcohol,  when  sprayed  on  the  worms,  only  kills  the  youngest  ones, 
tlte  Bverage-aized  ones  soon  recovering,  while  the  full-grown  ones  are 
hardly  affected. 
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YEAST  FEKMENT :  FUNGUS  INFECTION. 

The  fact  that  iosecta,  like  other  animals,  are  sabject  to  diseases  of  an 
epidemic  nature  and  of  a  fangas  origin  has  led  some  persons  to  hope 
and  believe  that  the  germs  of  destmction  could  be,  so  to  epeak,  arti- 
flcialiy  sown  among  those  which  it  was  desired  to  destroy.  Dr.  J.  L, 
IjeConte,  of  Philadelphia,  vas  the  first  in  this  conntry,  so  far  as  we  are 
aware,  to  suggest  the  introduction  and  communication  of  snch  diseame 
at  pleasure  for  the  destmction  of  insect  {tests,  in  a  paper  read  at  the 
Portland  (1874)  meeting  of  the  Association  for  the  Advancement  of  Sci- 
ence. Dr.  H.  A.  Hagen,  of  Cambridge,  Mass.,  has  elaborated  the  idea, 
and  strongly  recommended  as  a  general  insecticide  the  use  of  beer- 
mash,,  or  diluted  yeast,  applied  with  a  syringe  or  a  sprinkler.  Weqaote 
the  following  somewhat  sangnine  words  from  an  article  which  be  pub- 
lished in  Canadian  Entomologist  (vol.  xi,  Jane,  187d) : 

Dr.  Ball  asserts  that  he  lias  proved  b;  rnanf  skillful  ezperimsnts  thftt  four  speclN 
of  mioroscoploal  fungi  aremerelydifferent  deTelopmeateof  thesame  spc-ciefl.  One  of 
tbem,  the  Aiagns  of  the  oomiaon  house-fly,  is  tbe  vexation  of  ever;  honsekeeper.  Tbt 
dead  flies  stick  in  the  fall  finuly  to  the  windows,  or  anywhere  else,  and  are  coveml 
by  a  white  mold  not  easy  to  be  removed.  The  BMond  is  the  common  mold,  known  lo 
everybody,  and  easily  to  be  produced  on  vegetable  matter  in  a  damp  place.  Tlir 
third  is  the  yenst  fongns,  a  rolcroecopical  epeoies,  and  the  basis  of  the  nork  done  I>t 
yeast  of  fermentation.  The  foorth  is  a  small  water-plant,  known  only  to  profeaaioTial 
liotaniats.  Dr.  Bail  contends  that  the  spores  of  the  fungus  of  the  honse-fly  develop  iu 
water  in  this  last  species,  ont  of  water  in  mold,  and  that  the  seeds  of  mold  are  traiut- 
fornied  in  the  mash-tnb  into  yeast  fungns. 

The  experiments  made  by  Dr.  Boil  cover  a  period  of  more  than  adoxen  jeart,sinM 
the  DODierons  objections  which  were  mode  against  bia  reeolta  indnced  him  to  repeat 
again  and  again  his  experiments  in  different  ways.  I  am  obliged  to  state  that  evta 
DOW  prominent  botanists  do  not  ocoept  Dr.  Boil's  views,  which  he  maintains  to  be 
true  and  to  be  oorroborated  by  new  and  soie  experiments,  This  question,  imporlant 
as  it  may  be  for  botantets,  Is  witbont  any  influence  regarding  my  proposition,  as  Dr. 
Bai  I  has  proved  that  mold  sowed  on  mash  prodnces  fermentation  and  the  formalion 
of  a  yeast  fungus,  which  kills  insects  as  well  as  the  fimgne  of  the  bonsn-fly.  I  wm 
present  at  the  lectnres  of  Dr.  Bail  before  the  association  of  naturalists,  in  I8t!I,  whicb 
were  illustrated  by  the  exhibition  of  mold  gtown  on  maah  on  which  the  fungus  of  tb« 
honse-fly  bad  been  sown,  and  by  a  keg  of  beer  brewed  firom  such  mash,  and  by  a  cake 
baked  with  this  yeast. 

Dr.  Bail  has  proved  by  numerous  experiments  that  healthy  insects  brought  in  cou- 
taet  with  mash  and  fed  with  it  are  directly  infe8l«d  by  the  spores  of  the  fungus  wiili 
fatal  consequence.  These  facts,  not  belonging  strictly  to  the  main  part  of  his  experi- 
ments, were  observed  first  by  chance  and  lat«r  on  purpose.  The  most  diffeivut  in- 
sects, fliee,  mosquitoes,  caterpillars,  showed  aU  the  same  results.  The  experimenu 
were  made  lu  such  a  delicate  manner  that  a  small  drop  of  blood  taken  with  an  ocu- 
list's needle  from  the  abdomen  of  a  house-fly  left  the  animal  so  far  intact  that  the  same 
operation  could  be  repeated  iu  two  days  again.  Both  drops  extuuiDed  with  the  mi- 
croscope proved  to  be  flllod  with  spores  of  fungus. 

CoDsidering  those  facts,  whicb  are  doubtless  true,  ond  considering  the  easy  way 
in  which  the  poisonoos  fuugas  can  always  and  every whero  be  procured  and  adhibited. 
I  believe  that  I  shonld  he  jostified  in  proposing  to  make  a  tri»l  of  ic  against  inseci 


TEAST  FEEMENT:    FUNGUS  ISFECTION.  189 

oalAmitiM.    NatDxe  oaaa  alw&f  b  to  attain  iU  paiposea  the  moat  Himple  and  the  moet 
flffeotual  wa;s;  therefore  it  is  always  the  safest  way  to  follow  nature. 

Beer  moah  or  dilated  yeast  should  be  applied  either  with  ft  syringe  or  with  a 
aprinlder ;  and  the  fact  that  iafested  iusecU  poison  others  with  which  they  come  in 
oontaot  will  be  a  great  help.  Of  course  it  will  be  impossible  to  destroy  all  inseuts, 
but  a  certain  limit  to  oalamities  conld  be  Bttained,  and  I  think  that  is  aU  that  coald 
reaaonably  be  expected.  In  greeiihouues  the  result  would  probably  jQBtify  very  w«U 
a  trial,  and  oq  currant  worms  and  potato  bags  the  esperiment  would  not  be  a  difficult 
one,  as  the  larve  of  both  iusects  live  Dpon  the  leaves,  which  can  easily  be  sprinkled. 
But  it  seems  to  me  more  important  to  make  the  trial  with  the  Colorado  graa&bopper. 
I  should  recommend  to  infest  the  newly-hntcbed  brood,  which  live  always  together  in 
grreat  numbers,  and  I  ehoald  reconmeud  also  to  bring  the  poison  if  poisaible  in  contact 
with  the  eggs  in  the  egg^holes  to  arrive  at  the  same  results,  which  were  so  fatal  to 
Ur.  Tioavelot'e  silk  nuaing.  An«r  all  the  remedy  proposed  is  very  cheap,  is  every- 
where to  be  had  or  easily  to  be  prepared,  has  the  great  advantage  of  not  being  obnox- 
ious to  man  or  domestic  auimals,  and  if  snccessful  wonld  be  really  a  benefit  to  man- 
Itind.  Kevertheless  I  slionid  not  be  astonished  at  all  if  the  flrat  trial  witb  this  rem- 
edy would  not  be  very  successful,  even  a  failure.  The  quantity  to  be  applied  and 
the  maimer  of  the  application  can  only  be  known  by  experiment,  bnt  I  am  sure  that 
it  will  not  be  difficult  to  find  out  the  right  method.  I  myself  have  more  coUttdence 
in  the  proposed  remedy,  since  it  is  neither  an  hypothesis  nor  a  gnes».work,  but  simply 
the  application  of  true  and  well -observed  facts.  I  hear  the  question.  When  all  Uiis 
has  been  known  for  so  long  a  time,  why  was  it  not  used  long  agot  But  ia  that  not 
true  for  maoy  not  to  say  for  all  discoveriesT  Most  of  tbem  ore  like  the  famous  Colum- 
bus eg(t. 

It  will  be  seen  tbat  Dr.  Hagen  attaches  little  iinportaiice  to  the  pres- 
ent opinion  and  judgment  of  niycologiBtB  as  to  the  non-identity  of  the 
several  fungi  alluded  to.  We  have  corresponded  with  some  of  the  lead- 
ing'cryptogainists  of  this  country  on  this  Bubject,  and  they  are  quite 
unaninioas  in  the  opinion  that  there  is  no  one  "  of  the  least  reputation," 
to  use  Professor  Farlow^s  words,  wbo  admits  that  there  is  any  connec- 
tion between  the  fly  fungus,  known  as  Empusa  muaetE  bat  belonging  to 
the  genus  Saprolegnia,  and  the  yeast  fungus,  Saccharomyces  cerevisuB. 
It  is  to  be  regretted,  also,  that  more  precision  hsa  not  been  used  by 
Dr.  Hagen  in  referring  to  these  fungi,  for  the  "common  mold  known 
to  everybody"  is  most  vague^  since  many  different  species  of  mold  are 
recognized  by  specialists,  while  "a  small  water-plant,  known  only  to 
professional  botanists,"  is  such  an  indefinite  expression  as  to  inspire 
little  confldence  in  the  thoroughness  of  Dr.  Bail's  experiments.  Leav- 
ing to  the  specialist,  however,  the  question  as  to  the  kind  of  relation 
existing  between  the  lower  forms  of  fungi  intended  to  be  referred  to  by 
Dr.  Hagen,  we  felt  tbat  the  suggestion  coming  from  so  eminent  an 
entomologist  was  well  worthy  of  practical  trial.  We  took  occasion, 
therefore,  to  experiment  with  beer  mash  by  spraying  and  sprinkling 
it  upon  various  plants  that  were  to  be  fed  in  our  vivaria  to  Lepidop- 
terous  larvffi.  The  principal  larvsB  thus  experimented  with  were  of 
Papilio  asterias,  Danais  archiirpus,  and  Pirns  rapte.  The  results  gave 
no  encouragement  to  the  hope  that  anything  practical  would  result 
firom  the  proposed  remedy.  The  larvre  fed  with  equal  avidity  and  went 
throngh  their  transfotmations  as  well  a&  the  same  species  had  done  on 
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repeated  occasions  without  being  treated  to  beer  masb.  An  incident 
counected  with  these  esperimeots  which  we  made  is,  however,  n'ell 
worthy  of  beiiig  mentioned;  becaase  it  shows  how  very  easily  sio^rle 
experiments  may  lead  to  false  hopes  and  conclusions.  A  certain  pro- 
portion of  the  last-named  larvse — the  proportion  differing  in  the  differ- 
ent lots  treated — jierished  before  or  while  transforming  to  the  chrysalis- 
State.  They  became  flaccid  and  discolored,  and  after  death  were  litlle 
more  than  a  bag  of  black  putrescent  liqaid.  We  should  have  at  once 
concluded  that  the  yeast  remedy  was  a  success  had  we  not  experienced 
the  very  same  kind  of  mortality  in  previous  rearing  of  this  larva,  and 
had  we  not,  upon  retnming  to  the  field  from  whi«h  the  larvro  in  ques- 
tion were  obtained,  found  a  large  proportion  similarly  dying  there. 

Though  from  this  experience  we  had  little  faith  in  the  value  of  the 
proposed  remedy  as  against  the  Cotton  Wonn,  we  nevertheless  took 
pains  to  havp.  it  tested  in  1879  both  by  Professor  Smith  in  Alabama 
and  Professor  Willet  in  Georgia,  and  in  1880  by  Messrs.  Bailey,  Hub- 
bard, Jones,  Schwarz,  and  Stelle  in  varioos  parts  of  the  cotton  belt. 
The  experiments  were  made  in  each  instance  during  the  latter  ji'art  of 
the  season,  when  the  vitality  of  the  worms  was  already  considerably 
lowered,  a  condition  which,  in  our  experience  with  fungus  diseases  in 
insects,  was  eminently  favorable  for  satisfactory  trial.  But  in  spite  of 
these  favorable  conditions  the  uniform  result  of  all  the  experinientfi 
showed  that  there  was  do  insecticide  virtue  in  the  ferment.  For  this 
reason  we  merely  add  it  to  the  other  substances  jast  enumerated  which 
proved  to  have  no  insecticide  proi>erty. 
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MACBIITEEY  AJJTD  DEVICES   FOR  THE   DESTRUCTIOlir   OP 

THE  WOKM. 

Bt  Fbof.  W.  8.  Baknabd,  Ph.  D.  AuUtaiit. 

I.— SPEAY  HCKZLE8. 

Since  most  of  the  nozzles  inveuted  bave  been  claimed  IndepeDdeDtly 
of  iDBect-de8troyiDgdevice8,yet  are  applicable  for  throwiDg  poison,  and 
any  nozzles  may  be  ased  on  other  machines  than  those  they  vere  first  em- 
ployed on,  it  has  seemed  to  me  advisable  to  treat  them  ail  in  a  separate 
chapter,  and  to  consider  them  in  what  I  have  foand  to  be  fonr  natural 
classes,  -viz:  1.  Many-pnnctored  nozzles;  2.  Slot-uozzIes ;  3.  Deflector 
nozzles;  and,  i.  Centrifugal  nozzles.  The  nozzles  which  at  present 
seem  to  be  the  best  will  be  described  nnder  the  last  of  these  classes. 

MAMT-PTmOTUBED  NOZZLES. 
[PIfttea  XIV  and  XV.] 

The  nozzles  of  this  class  are  constrncted  on  the  dissection  principle, 
dividing  the  liqnid  into  a  group  of  small  jets  by  forcing  it  throngh  a 
many-panctnred  face. 

The  best  nozzles  of  this  group  are  snch  as  have  the  tangential  en- 
trance. A  removable  &ce  is  of  great  importance ;  also,  the  perforations 
should  be  made  and  located,  or  directed,  according  to  the  principles 
ezpluned  below. 

The  old-fashioned  sprinklers  and  sifters,  with  which  all  are  familiar, 
whether  made  of  perforated  sheet  metal  or  wire-ganze,  have  generally 
proved  nnpractic^  for  administering  insecticides,  becanse  of  the  fine 
holes  becoming  clogged  by  the  poison  and  other  materials.  To  prevent 
this,  various  stirring,  shaking,  and  straining  appliances  bave  been  com- 
bined with  Idiem,  but  without  as  good  resnlts  as  are  to  be  desired. 

The  manner  in  which  the  holes  are  made  often  canses  mach  trouble. 
These  are  sometimes  so  cleanly  drilled  or  punched  tliat  little  or  no 
burr  snrronnds  them ;  but  usually  they  are  so  punched  that  on  one  side 
a  high  burr  or  ridge  is  formed  around  the  puncture,  while  on  the  other 
side  each  hole  appears  in  the  bottom  of  a  fannel-shaped  pit,  which,  if 
pn  the  ia^de,  is  excellently  calculated  tq  collect  and  hold  particles  over 
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tbe  bole  to  clog  it.  If  a  sharp  center-punch  be  employed,  tlie  holes 
ought  to  be  punched  trom  the  oat«r  surface.  In  this  manner,  each  bole, 
as  approached  npon  the  Inner  side,  is  apon  an  eminence  where  clogging 
materials  find  unstable  equilibrium,  and  they  cannot  well  lodge  except 
between  the  holes.  Tfaongh  this  may  seem  a  small  matter,  very  much 
trouble  arises  from  its  not  being  observed. 

The  spray  should  generally  be  made  to  spread  rather  broadly,  and 
can  get  its  divergent  or  radiating  form  &om  the  convexity  of  the  face 
from  which  it  is  discharged;  but  where  the  face  is  fiat,  as  is  sometimes 
advisable  or  necessary,  especially  where  the  face  is  made  reversible,  the 
divergence  can  be  obtained  by  drilling  a  part  or  all  of  the  holes  in  a 
somewhat  radiating  direction.  Also,  where  the  water  is  squirted  with 
considerable  force,  a  fine  spray  will  be  obtained,  and  with  ample  spread, 
by  boring  the  boles  straight  through  a  concave  face,  or  else  in  soch  a 
direction  through  any  thick  face  that  sets  of  two  or  more  jets  converge 
to  a/oous,  and  there  collide  to  dissipate  each  other  into  a  finely  atom- 
ized condition.  Using  this  principle,  a  well-dispersed  spray  of  better 
volume  and  quality  can  be  produced  fhim  a  smaller  number  of  holes  of 
larger  capacity,  whereby  they  are  less  liable  to  choke.  On  this  plan 
the  best  many-punctured  force-pump  nozzles  of  the  future  will  probably 
be  made. 

The  rose  sprinkler-heads  of  watering  pots  and  nozzles  are  commonly 
provided  witii  no  openings  except  the  narrow  neck  by  which  they  join 
upon  the  spout,  and  this  does  not  admit  the  removal  of  foreign  matters 
which  collect  inside.  The  head  should  be  made  of  easily  separable 
parts,  to  allow  the  interior  face  of  the  perforated  side  to  be  cleaned,  as 
will  be  seen  in  the  patterns,  some  of  which  have  the  punctured  f;ice  re- 
versible. Squirting  through  the  perforations  in  an  opposite  directioD 
cleans  them  without  injury,  while  punching  through  them  with  any  hud 
instmmeut  is  a  slower  process  and  sure  to  damage. 

It  is  advisable  to  strain  the  water  before  it  is  admitted  to  nozzles,  of 
whatever  kind,  by  some  of  the  devices  shown  in  combination  with  the 
various  reservoirs  for  carrying  it  and  pumps  for  forcing  it,  as  described 
later  in  this  report.  There  is  always  an  advautage  in  strainer8,.althongb 
they  add  to  the  machine  an  increased  number  of  holes  to  be  clogged, 
for,  if  fine  euongh,  they  soon  clog;  yet  it  may  be  used  for  a  longer  time 
without  stopping,  and  the  damage  to  the  fine  perforations  of  the  face 
by  punching  dirt  out  of  them  should  be  avoided.  The  strainer  should 
be  large,  and  does  not  have  to  be  cleaned  so  often  as  would  the  nozzle 
proper;  still,  where  the  gauze  surface  is  exceedingly  fine,  or  where  the 
fluid  sqnirted  is  much  laden  with  solid  particles,  the  strainer  may  clog 
very  quickly. 

Eddy-boses. — All  the  many-punctured  heads  may  be  improved  upon 
by  introducing  the  liquid  in  an  eccentric  manner,  and  pfu^el  to  a  tan- 
gent to  the  circumference,  to  cause  it  to  whirl  inside,  and  thereby  make 
less  liabiUty  to  clogging  by  keeping  active  any  internal  rubbish  which 
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woald  tend  to  dam  np  the  Bmall  oatlets.  Such  material,  if  kept  in  mo- 
tion, does  not  impair  the  apray.  Some  of  the  examples  showiag  this 
principle  in  many-ponctared  nozzles,  as  discovered  and  applied  by 
myself,  are  represented  in  Plate  XIV,  Figs.  1,  2,  3,  and  4. 

In  Plato  XIV,  Fig.  1,  e  and  c  indicate  two  can-screw  caps,  a  the  per- 
forated circnmference,  and  a  the  spout  which  enters  the  chamber  at  a 
tangent  at  x. 

A  section  showing  the  interior  of  a  similar  nozzle,  which  has  bat  one 
ctvn-screw  opening,  appears  in  Fig.  2,  in  which  a  designates  the  eccen- 
trie  spoot,  and  i  a  rotary  brash  inside  of  the  rotation  chamber,  where  it 
is  made  to  whirl  by  and  with  the  water  to  wipe  away  clogging  mat«ri. 
als  from  the  perforated  periphery.  Differently  formed  brushes  or  other 
bodies  may  be  inserted  on  an  axis  or  free,  and  one  or  more  small,  loose 
projectiles  can  be  placed  inside  for  the  same  purposes. 

When  nozzles  of  this  form  are  used  on  wateiing  i)0t3  it  is  generally 
preferable  to  have  the  perforations  on  the  outer  rim,  as  shown,  in  order 
to  throw  a  flat  fan-shaped  spray  ;  but  a  head  may  be  made  as  in  Plate 
XIV,  Figs.  3  and  4,  wiih  a  punctured  face  toward  one  side  as  a  conven- 
ient form  for  spraying  sidewiso  in  a  broadcast  manner  or  vertically 
down  or  upwards. 

A  sprinkler  made  on  this  plan,  bnt  with  a  flat  cap-plate  or  an  iuserted 
]>Iug  instead  of  the  projecting  screw-oap  described,  and  with  divergent 
or  colliding  jets,  is  the  best  many-panetured  nozzle  for  dragging  or  car- 
rying beneath  plants  to  sqnirt  an  apward  spray;  but  better  sprays  for 
this  purpose  are  made  by  nozzles  of  class  4. 

Pluckeoses. — These  are  certain  nozzles  which  emit  the  spray  through 
grooves  cut  in  the  surface  of  a  ping  or  its  surrounding  wall. 

A  rather  corioas  nozzle  of  this  class  was  used  in  the  mL>chine  patented 
in  1873  (Sos.  145571,  and  145572)  by  Mr.  Jehu  W.  Johnson,  of  (Jolnm- 
has,  Tex. ;  and  is  illastrated  in  Plate  XV,  Fig.  4. 

A  plug  with  parallel  grooves  as  water  passages  along  its  outer  sur- 
face, and  fitted  into  a  cnp-tike  expanded  end  of  a  tube,  is  held  in  place 
and  may  be  set  out  or  in,  to  increase  or  diminish  the  spray,  by  an  ad- 
justable thnmb-screw.    The  resnltaut  spray  is  bell-sbaped. 

Mr.  J.  O.Melcher,  of  Black  Jack  Springs,  Texas,  is  making  ii  nozzle  in 
which  a  metallic  grooved  plug  is  used.  The  plug  is  a  very  flat  cone,  and 
its  rim  projects  beyond  the  jet  pipe  enough  to  spread  the  spray  quite 
wide.  Inside  of  the  pipe  the  apex  of  the  cone  has  a  projecting  eye, 
through  which  a  string  is  drawn  with  its  ends  passed  out  through  the 
sides  of  the  tube  at  points  farther  back,  where  the  two  ends  are  tied 
together  to  bold  the  cone  in  place. 

A  somewhat  similar  irrigating  nozzle  containing  a  grooved  plug  for 
dividing  water  into  a  spray  was  patented  in  1878  (No.  205733)  by  Mr. 
Samuel  Dawson,  of  Hempstead,  S".  T.,  and  a  more  spirally-grooved  plug 
for  the  same  purpose  and  for  giving  a  rotary  motion  to  the  spray  was 
piitented  in  1879  (No.  220277)  by  Mr.  F.  N.  Foster,  of  Buffalo,  N.  T. 
63  coKO 13 
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Auotlier  modificatioii  of  the  Batue  principle  appears  in  a  nozzlo  claimed 
in  aD  iuse«ticide  machine  in  patent  ^o.  260761,  July  11, 1882,  by  Mr.  G. 
Q.  Lynch,  of  lUawara,  La.  The  sprays  from  all  these  plag-roses  are 
comparatively  coarse  aad  cannot  be  well  adapted  to  poisoning  on  under- 
sarfaces,  while  the  pores  are  very  liable  to  become  stopped. 

Colliding  JETS. — Thenozzlere8embIingagas-jet(iiiPiateXT,Fig.5}, 
having  two  converging  outlets  by  which  the  two  streams  emitted  meet,  as 
shown  by  tlie  arrows,  to  form  a  fishtaitcd  spray,  has  bteu  used.  When 
great  pressure  is  applied  to  the  water  forced  through  it,  as  by  a  force- 
pump  or  by  Mr.  Daughtrey's  air-pump  machine  {Plate  XXXVI),  the  tvo 
streams  meet  with  such  great  dispersing  force  as  to  dash  each  other  iuto 
a  fine  Bpray.  The  arrangement  of  the  outlets  at.  the  closed  end  of  a 
tube  and  their  Bmallnesei  in  size  and  number  as  used  ia  machines  here- 
tofore, and  as  they  must  be  to  give  small  enough  sprays  for  single  rows 
in  poisoning  ftom  beneath,  subject  them  to  clogging  to  an  extent  un- 
practical for  this  puriiose.  The  stoppage  of  either  bole  destroys  all  the 
spraying  power.  For  very  large  sprays  in  broadcast  sprinkling  the  size 
of  the  outlets  may  be  increased  to  a  practical  extent,  and  a  number  of 
such  converging  and  interrupting  streamlets  may  be  produced  from 
boles  in  the  same  plane  or  from  the  surface  of  a  pipe  or  the  face  of  a  noz- 
zle which  is  concave  or  funnel-sbaped.  In  rose-heads,  with  or  without 
reversible  faces,  the  holes  can  be  cut  in  pairs  of  twos  or  in  threes,  such 
that  their  jets  will  collide,  and  a  row  of  such  pairs  can  be  used  on  tbe 
side  of  a  trailing  pipe. 

For  spraying  upwards  I  have  produced  the  twin  jets  from  tbe  side  of 
a  tube,  near  its  end,  and  from  a  terminal  chamber.  The  tube  should 
open  by  a  cap  or  plug  for  cleaning  out,  and  ia  its  best  shape  has  a  ter- 
minal recurrent  or  rotation  chamber  or  passage  as  described  elsewhere. 

A  nozzle-end  essentially  the  same  as  the  perforated  one  used  in  gas- 
jets  and  combined  in  Mr.  Daughtrey's  machine,  but  without  the  internal 
cone,  »',  which  is  more  likely  to  assist  clogging  than  prevent  it,  was  pat- 
ented in  1878  (Ho.  202207]  as  an  attachment  ui>on  the  ends  of  hose- 
nozzles,  by  Mr.  Adolph  Weber,  of  Detroit,  Mich.  A  nose-piece  bav 
ing  this  kind  of  discharge  and  also  a  parallel  main  bore  for  a  solid  jet, 
but  combined  with  the  end  of  a  hose-pipe  by  a  slide-plate  base,  so  that 
either  kind  of  jet  may  be  adjustably  set  in  use  instead  of  the  other,  was 
secured  to  Mr.  A.  B.  Prouty,  of  Worcester,  Mass.,  in  pat«nt  No.  225721, 
Marah  23, 1880. 

On  account  of  the  holes  being  larger  and  fewer,  with  the  dispersion 
princii>le  to  produce  fineness,  these  are  certainly  among  the  best  noz- 
zles of  this  class. 

T-B03ES. — Broad  sprays  have  been  produced  through  tubular  f" 
shaped,  many -punctured  nozzles.  This  principle  is  used  in  the  ordinary 
street- sprinklers,  but  similar  long  i>erforatcd  cross  pipes  have  been 
hauled  above  the  cotton  plants  for  sprinkling  them.  A  good  illustratiou 
of  this  ia  seen  in  the  "Yeager  Cotton  Sprinkler"  (Plate  LIV,  Fig.  7), 
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In  sucli  nozzles  it  is  eoonomy  to  pierce  only  those  eections  of  the  cross- 
tabe  that  come  over  the  rows,  and  leave  blank  spaces  with  no  spray  be- 
tween, as  in  the  figure  just  referred  to.  Any  perforated  tube  of  this 
character  shonltl  have  its  ends  closed  by  screw-caps  or  plugs.  The 
pipe  can  then  be  easily  cleaned  by  opening  these  and  passing  through 
a  long  handle  beating  one  of  the  cylindrical  brushes  used  for  cleaning 
lamp-chimneys.  Small  hnnd-nozzlea  of  essentially  the  same  form  have 
been  made.  One  nsed  by  Mr.  "Warner  on  his  "  Saddle-sprinkler,"  de- 
scribed further  on,  has  the  cross-tube  curved  as  in  Plate  XIV,  Fig.  6, 
to  throw  the  spray  broader,  and  needs  the  improvements  Just  suggested. 

DiviDBD  B08E-HEADS. — A  rose-head  that  separates  from  its  neck, 
or  from  a  solid  jet-nozzle,  by  a  clutch-coupling,  which  is  the  simplest 
way  of  joining  and  detaching  these  parts  quickly,  is  sold  by  Messrs. 
Mast,  Foos  &  Co.,  of  Springfield,  Ohio.  It  also  leaves  the  interior  some- 
what accessible  for  taking  out  materials  which  choke  it 

Mr.  William  Westlake,  of  Chicago,  III.,  patented  in  1871  (No.  174221) 
the  use  of  the  common  sbeet-metal  can-screw  as  a  large  separable  neck 
for  rose-heads.  In  this  way  can  be  made  a  very  cheap  sheet-metal  rose, 
ae  on  Plate  XIV,  Fig.  7,  with  a  wide  bole  through  which  to  remove 
clogging  materials  from  the  interior. 

Bot  a  still  larger  sheet-metal  screw-coupling,  separating  the  perfor- 
ated face  immediately  ftota  the  body  of  the  rose,  as  at  ^,  in  Plate  XY, 
Fig.  2,  was  secured  to  Mr.  L.  B.  Foss,  of  Boston,  Mass.,  in  1S76  (So. 
174221).  The  preceding  rose-beads  are  of  cbeap  construction,  and  the 
last-mentioned  one  ia  the  best  of  the  very  cheap  ones  heretofore  made 
entirely  of  thin  sheet-metal. 

Mr.  8.  H.  Fox,  of  Saint  Louis,  Mo.,  patented  in  1880  (So.  223332)  a 
strainer- nozzle,  a  plan-view  of  which  is  shown  iu  Plate  XIV,  Fig.  8.  It 
consists  of  two  a)ncentric  cylinders.  The  inner  one  is  of  fine  wire  gauze. 
Through  this  the  water  entering  by  the  inlet,  a,  must  ])ass  to  the  oater 
cylinder  before  reaching  the  very  finely  perforated  sprinkler- face  which 
emits  the  spray,  s.  This  face  is  a  screw-cap  removable  for  cleaning. 
-Also  the  ganze  cylinder  may  be  renovated  by  taking  off  a  similar  cap 
which  bears  the  inlet-tube.  This  produces  an  uncommonly  finely-divided 
spray  for  a  nozzle  of  its  class. 

Tet  the  idea  of  removing  the  perforated  rose-face  from  its  body  by  a 
cut  screw-juncture  and  screwing  it  on  reversed,  existed  mnoh  earlier, 
and  was  embodied  in  a  patent  in  18C9  {So.  87321)  by  Mr.  James  Bar- 
rows, of  Hyde  Park,  Mass. 

Another  good  rose  with  the  face  reversible  was  obtained  in  1876 
(Patent  No.  116164),  by  Mr.  W.  T.  Vose,  of  Ncwtonville,  Mass.  A  plan- 
section  of  this  is  shown  in  Plate  XV,  Fig.  3,  where  a  represents  the  neck 
to  be  connected  with  a  spout  or  solid-jet  nozzle  and  c  is  a  screw -band 
which  clamps  the  reversible  circular  face,(i,  to  the  walls  of  the  chamber  or 
rose-bead,  a.  Being  constructed  of  brass,  nicely  finished,  it  is  probably 
the  most  durable  and  serviceable  rose-head  made.    A  number  of  differ- 
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eot  sizes  are  offered,  and  there  is  a  serieB  of  face-plates  substitntive  for 
each  other,  but  differing  in  the  sizes  and  number  of  perforatiouB. 

Pbriphebal-boses  [divided]. — Mr,  J.  C.  Melcber,  of  Black  Jack 
Springs,  Tex.,  devised  a  discoid  sprinkler  head  with  a  many-punetoreil 
circumference,  patented  in  187G  (No.  1724C7).  This  is  now  made  with  a 
lid  clamped  fast  by  a  screw  and  removable  for  cleaning  out  the  interior. 
.  To  Mr.  George  Yeager,  of  Flatouia,  Tex  ,  was  granted  in  187!l  (So. 
219337)  what  he  regards  as  an  improvement  in  nozzles  of  this  style, 
wiiich  consists  in  closing  the  top  and  base  with  sheet-metal  screw-ca[>is. 
detachable  for  taking  out  accumulations  from  within,  while  the  cap  held 
lowest  serves  to  store  the  heavy  sediments. 

A  nozzle,  Plate  XT,  Fig.  G,  producing  this  form  of  spray,  is  Dsed  on 
the  Buhmaou  sprinkler,  but  the  arrangement  for  cleaning  the  interior  is 
different,  as  may  be  seen  in  a  sectional  view,  Plate  XY,  Fig.  7.  Bj 
tuming  the  T-shaped  thumb-haudle  above,  a  small  brush  inside  is  made 
to  sweep  the  inner  surface  of  the  punctured  rim.  It  will  be  seen  that 
snch  sweeping  may  be  kept  up  constautly  by  an  automatic  process 
to  be  described  in  chapter  XIII.  For  others  see  p.  193  and  PI.  XIT, 
Figs.  1  and  2. 

BosE-oouBiHATiONS. — There  are  many  attempts  to  combine  the  rose- 
head  and  solid-jet  iiipe  in  one  nozzle.  This  is  done  satisfactoiily  by 
having  the  rose  separable  from  the  pipe  by  a  clntch,  or  screw  coupling, 
a  plan  which  has  been  already  spoken  of,  but  which  is  illustrated  id 
longitudinal  section  in  Plate  XV,  Fig.  1  representing  a  nozzle  patented 
in  1874  (No.  150742)  by  Messrs.  W.  Barry  and  L.  H.  Preutice,  of  Chi- 
cago, m.  The  circle  shows  the  plug-cock  perforated  by  the  cavity  of 
the  solid-jet  pipe  that  terminates  inside  of  the  rose-head  b,  which  caa 
be  separated  and  screwed  upon  the  nib  d,  for  carrying  it  while  a  aolid  jet 
is  used.    Compare  the  clutch-rose,  p.  195. 

Several  other  devices  for' combining  the  rose  and  solid-jet  in  one  soz- 
zle  have  been  found,  but  they  are  usually  either  a  little  too  complex  or 
costly  to  beeome  popular,  or  else  the  construction  is  aneh  as  to  impair 
either  the  spray  or  the  solid-jet,  or  both, 

8L0T-N0ZZLB8. 
CPlatea  XVl.XVII.aud  XVIU.]  j 

Id  slot-DozzIes  the  form  of  the  spray  is  given  by  a  slot  or  group  of 
slots  from  which  it  is  emitted.  The  fluid  forced  from  a  slot  expands 
iu  a  somewhat  fan-like  shape,  and  then  breaks  up  into  a  sheet  of  spray,     j 

The  best  of  these  are  such  as  have  a  slightly  divergent  dischai^e 
ftom  the  side  of  an  eddy-cliamber,  with  or  witliout  adofiector  lip.    Tbe     I 
examples  shown  on  Piute  XVI,  Figs,  4  and  5,  now  seem  to  be  the 
most  valuable,  though,  for  broadcast  work,  snch  kinds  as  are  shown  in 
Figs.  1,  2,  and  3  may  sometimes  ho  selected. 

To  lessen  the  clogging  of  small  jets  adapted  to  poisoning  fit>m  be- 
ueath.  only  a  single  slot  can  be  safely  used,  its  lips  should  be  far  aparl, 
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and  any  redactinti  of  the  dlechorgd  CApacity  shoald  be  made  by  short- 
eningtbelip^TatherthaiibyuaiTowiDgtheiriDterspace  or  slot.  Dimin- 
isbiDg  by  this  rale  the  smallest  slot  attainable  becomes  ouly  ns  loug  ds 
it  is  wide,  and  loses  the  slot  character. 

If  coarse  8lot<s  do  not  make  the  spray  fine  enongh,  the  latter  niivy  l>e 
tbianed  by  adding  a  very  short  deflector  lip,  for  it  will  be  seen  further 
on  that  the  principles  of  deflection  and  rotation  may  be  advautagebiisly 
snp^nidded  npou  or  combined  with  the  slot  in  almost  all  cases. 

If  the  many-pun ctared  principle  is  the  worst  for  small  jets,  the  slot 
principle  cannot  rank  mnch  better  for  this  pnrpose.  Webaveseen  that 
to  get  a  spray  of  very  limited  size  the  slot  mast  bo  made  either  so  nar- 
row as  to  clog  too  much  or  must  be  shortened  until  it  is  about  ns  long 
as  wide,  or  the  spray  is  not  thrown  thin  and  broad  enough  without  add- 
ing a  deflector.  This  suggests  the  substitution  of  the  deflector  in  place 
of  the  slot.  The  round-bole  deflector  certainly  ranks  higher  tbini  the 
slot-nozzle  for  small  Jets,  but  it  in  tum  is  superseded  for  this  purpose 
by  the  eddy -jets,  as  we  shall  see  farther  on. 

The  slot  answers  for  heavy  broadcast  sprinkling;  but  also  in  this 
work,  if  it  has  aperture  enough  not  to  clog,  the  spray  will  be  too  coarse 
for  admiQietering  poison  homogeneously,  and  if  narrow  enough  to  givo 
sufficient  fineness  it  will  choke  too  much.  Yet  by  certain  improvements 
these  defects  may  to  some  extent  be  remedied.  The  slots  may  be  cut 
in  various  combiuationa,  and  several  slotted  rose-heads  have  been  pat- 
ented. A  nnmber  of  straight  slots  may  be  arranged  as  parallels,  or  as 
whorls  of  radials,  or  diagonals;  also,  curved  slots  may  be  grouped  con- 
centrically, or  as  whorls  of  radials,  or  diagonal  curves  or  spirals.  The 
only  object  in  multiplying  the  number  of  sh)ts  in  one  and  the  same  noz- 
zle is  to  increase  the  volume  to  make  large  sprays  without  diminishing 
the  quality  by  making  a  smaller  namber  of  slots  coarser ;  for  the  fiuer 
the  slot  the  finer  the  spray  and  the  less  its  volume.  Where  force  is  ap- 
plied groups  of  slots  are  preferable  to  the  gronps  of  smaller  perforations 
of  the  roany-pouctared  nozzles  of  the  preceding  group,  and  when  rota- 
tion of  the  liquid  is  introdn'ced  in  many-slotted  chambers  the  cuts  sliould 
be  preferably  concentric  and  tbns  parallel  with  the  rotary  current. 

The  slits  may  be  cut  on  ends  or  sides  of  pipes,  beads  or  uose-pii'ces 
of  all  forms,  each  end-form  like  each  slot-pattern  having  its  own  pecu- 
liar adaptation;  but  the  slotted  surface  should  generally  be  in  sonte 
way  carved  with  cylindrical,  conical,  or  spheroid  contour  to  emit  the 
spray  in  a  radiating  manner,  and  thus  spread  it  more  widely,  or  collid- 
ing slot-jets  can  be  used.  A  rounded  end  should  preferably  have  an 
internal  cavity  of  capacity  and  form  suited  to  adapt  it  for  a  rotation- 
chamber,  since  the  rotary  principle  may  also  be  introduced  as  an  im- 
provement in  nozzles  of  this  group. 

Selecting  with  reference  to  these  principles,  and  also  for  the  pnrpose 
of  adopting  a  nozzle-end  of  such  form  that  it  can  be  cut  with  slots  of 
Mi;  fym  or  gioaping  that  may  be  made  on  eUhtir  sides  or  ends,  and 
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especially  with  reference  to  tbe  possibility  of  angular  sprays  for  throw- 
ipg  vertically  as  well  as  direct  ones  for  broadcast  work,  tbe  general  style 
of  end  shown  in  Plate  XVI,  Fig.  4,  which  is  a  rotation-chamber,  c,  with 

■  an  eccentric  entrance,  x,  seems  preferable. 

For  broadcast  throwing  it  will  generally  be  most  convenient  to  use  a 
fao-Bhaped  spray,  projected  straight  ahead  in  the  direction  of  the  axis 
of  the  supply  pipe.  This  is  attainable  by  a  slit  cut  as  fi-om  z  to  «  in 
Plate  XVI,  Fig.  3. 

But  for  throwing  sidewise  or  upward  or  downward  at  an  angle  with 
the  BpoQt  axis  and  in  the  plane  of  rotation,  shown  by  the  arrow,  a  aim- 
Uar  slot  from  v  to  o  or  from  z  to  «  shonld  be  used. 

If  such  a  side-spray  is  desired,  bat  in  a  plane  at  an  angle  with  the 
plane  of  rotation,  the  incision  is  made  in  the  plane  of  tbe  spray  desired, 
and  preferably  between  «  and  2,  at  or  very  near  the  entrance,  where  it 
will  correspond  to  the  bole  of  a  whistle  and  be  beoeflted  by  the  in- 
creased spraying  power  at  that  point  where  the  ingoing  and  outgoing 
streams  conflict  with  ea<!b  other. 

Tbe  chamber  should  be  capable  of  being  opened  to  remove  accumnla- 
tious  from  within,  as  will  be  shown  in  several  of  the  nozzles  described 
further  on  in  this  section. 

The  lips  of  slit-nozzles  ought  to  be  cut  slightly  beveled,  und  bent 
inward  so  that  their  innermost  margins  are  most  approximate  and  pro- 
jecting somewhat  into  the  chamber,  in  order  that  what  passes  through 
these  cauuot  lodge  beyond  and  what  strikes  upon  them  will  be  in  un- 
stable equilibrium  and  eaimot  rest  there.  If  the  inverse  form  of  Up  be 
tried  particles  will  wedge  into  the  slit  rapidly,  and  much  difficulty  from 
clogging  arises.  The  slot  iieed.s  to  expand  outwardly  only  to  a  slight 
extent,  but  this  is  very  essential,  especially  if  the  lips  are  thick,  although 
this  may  in  a  small  degree  impair  the  quality  of  the  spray  if  the  bevel  is 
much  extended.  To  remedy  this  defect  it  is  better  to  bevel  only  one 
lip,  and  have  that  bear  a  deQector  lip  or  rim  to  correct  irregularities 
and  equalize  or  thin  the  spray  to  the  quality  desired.  Such  a  deflector 
may  be  high  or  steep,  to  change  the  direction  of  the  spray  when  this  is 
wished,  but  it.must  be  observed  that  too  much  lip  is  apt  to  cause  drip 
of  the  iluid  retarded  by  the  adhesion  or  ftiotion  of  its  surface,  or  by  its 
resistance  from  being  too  steep,  which  ia  not  advisable.  Yet  with  large 
broadcast  sprays  this  waste  can  be  collected  and  returned  to  the  reser- 
voir by  Mr.  Schiei-'s  device,  shown  in  Plate  XXIII,  Fig.  1,  and  explained 
further  on ;  or  by  an  arrangement  jiatcnted  by  Mr.  Anthony  Iske,  of 
Lancaster,  Pa.,  in  1880  (No.  232131),  or  others.    The  deflector  may  be 

■  adjusted  higher  or  lower  by  a  movable  slide  or  screw-jiinoture  for  the 
purpose  of  pitching  the  spi-n.v  higher  or  lower,  nod  for  covering  part  of 
the  slot  to  lessen  or  increa.se  its  <liscliargo  capacity  at  will.  A  deflector 
of  this  kind  is  preferably  made  in  the  I'orin  of  an  iucliued-e<lged  slide 
or  as  a  bevel-edged  screw-baud  around  tbe  nozzle. 

Alao,  the  two  lips  can  be  adjustable  toward  and  firom  each  other  to 
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Open  or  close  the  slot,  or  they  may  be  entirely  separable,  better  to  enable 
cleaning  and  repairin;;.  The  part  of  tlie  slot  where  the  pressuru  or 
velocity  ia  greatest,  us  where  the  injected  stream  strikes  with  the  most 
force,  should  be  narrowest,  and  vice  versa,  to  get  an  evenly-distributed 
spray.  In  rotary  slit-nozzles  the  width  of  the  slot  should  increase  some- 
what, but  very  slightly  and  gradaally,  iii  the  direction  of  rotation,  aa 
a  long,  triangular  fissure.  If  the  inverse  is  tried,  particles  flowing  in 
the  direction  of  the  enrrent  naturally  wedge  fast  between  the  lips,  but 
with  a  gradnal  expansion  in  the  direction  of  the  movement  the  wedging 
along  the  slot  cannot  occur  so  often. 

In  this  class  of  nozzles,  more  than  in  any  other,  is  the  use  of  a  rotary 
body  or  projectile  in  the  rotation  chamber,  and  caused  to  whirl  around 
by  and  with  the  fluid  therein,  of  value  for  wiping  away  and  keeping  in 
motion  or  disintegrating  internal  foreign  bodies  tending  to  lodge  npon 
and  clog  the  excurreut  orifice.  A  rotary  brush  or  any  tough  body  may 
be  used.  A  pebble,  piece  of  stone,  or  very  hard  metal  wears  ofi'  the 
inner  surface  of  the  li[>s  very  rapidly,  though  this  process  goes  slowly 
if  the  surfaces  are  or  become  very  smooth ;  when  a  body  is  thus  used 
the  smoothing  process  progresses  quite  rapidly,  as  with  metal  castings 
pat  in  a  rattler.  A  pebble  thus  used  soon  becomes  smoothly  coated 
with  the  metal.  Perhaps  the  best  plan  is  to  nse  a  piece  of  material 
softer  than  that  of  which  the  chamber  is  coustnicted.  Compare  Eddy- 
roses,  p,  193. 

To  be  able  to  observe  the  internal  whirling  action  the  chamber  was 
made  with  one  face  of  glass.  The  whirling  is  exceedingly  rapid,  tend- 
ing to  produce  a  vacuum,  and  certainly  generating  a  rarification  in  the 
center  which  cannot  be  filled  with  liqnid  during  the  motion.  This  cen- 
tral vacuity  is  quite  large,  and  the  water  appears  as  a  band  aroand  its 
OQtsidc.  So  rapidly  does  the  fiuid  rotate  under  high  pressure  that 
bodies  carried  in  it  are  invisible.  If  a  very  small  body  be  put  in  such 
a  nozzle  and  blown  upon,  it  flies  about  invisibly  fast  and  strikes  so  rap- 
idly as  to  make  one  continnons  sound,  but  as  yon  blow  with  gradually 
diminishing  force  the  sound  breaks  into  a  series  of  rapid  ticks,  and  by 
looking  closely  the  little  body  may  be  observed  flying  around. 

The  following  are  some  of  the  nozzles  which  have  been  devised  and 
j)erfected  in  my  work  under  Professor  Riley,  whether  for  the  Entomo- 
logical Commission  or  the  Department: 

In  Plate  XVI,  Fig.  6,  is  seen  a  coarse,  bevel-lipped  side-slot,  a,  in  the 
tubular  part,  a,  which  bears  a  cap,  c,  with  a  beveled  edge,  which  may  be 
set  GO  as  to  form  a  deflecting  lip  to  the  discharge,  or  to  close  it  in  part, 
or  entirely.  Thus  is  made  an  adjustable  slot,  and  the  cap  may  be  re- 
moved, if  necessary,  for  cleaning  out.  By  different  bevels,  and  by  set- 
ting the  cap  farther  on  or  oftj  the  spray  can  be  deflected  at  a  right 
angle,  or  in  i>lane8  at  various  other  angles,  which  may  be  especially  of 
advantage  in  spraying  upward. 

In  Plate  XYI,  Fig.  T,  a  similar  nozzle  is  shown,  diSering  chiefly  in  the 
nae  of  a  plug,  o,  in  place  of  a  cap,  aud  having  the  deflecting  rim  oppo- 
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Bitely  incliaed,  and  formed  by  the  end  of -the  tube  at  a.  A  oozzle  cod- 
stracted  on  this  plan  can  be  made  to  throw  nearer  to  the  direction  of 
its  axis.  It  sUonld  be  observed  here  that  ia  both  the  above  nozzles  at 
least  one  of  the  slot-lipa  is  beveled  to  nake  the  ioDer  edges  of  the  lips 
more  ftpproxiiaate,  and  these  same  edges  should  preferably  projot-i 
slightly  inward  to  make  clogging  less  liable. 

Allied  to  the  foregoing  is  a  third  form  of  nozzle,  as  shown  io  Plate 
XVII,  Figs.  1  and  2.  It  difitera  from  that  in  Plat©  XVI,  Fig.  6,  chiefly  by 
the  cap  possessing  one  or  more  slots,  8,~of  its  own,  with  lips  beveled  op- 
positely, so  that  either  can  be  set  as  a  deflector,  and  shut  or  partially 
close  the  corresponding  tube-slot  by  being  set  back  or  forth.  A  nozzle  of 
this  kind  combines  all  the  deflecting  advantages  of  both  the  styles  just 
described.  Probably  the  best  way  to  construct  this  is  to  let  the  deflector 
lips  on  the  outside  be  formed  by  the  margins  of  the  cap  c,  on  the  oue 
side,  and  of  a  band,  r,  on  the  other,  these  parts  being  either  independent 
or  narrowly  joined  at  one  or  two  or  more  places  by  a  drop  of  solder,  or 
by  a  small  narrow  piece  bridging  across  from  one  to  the  other.  Siicb  a 
bridge  may  be  turned  to  where  it  will  divide  the  tube-slot  into  two,  aud 
in  this  manner  two  or  more  separate  sprays  are  produced  from  the  sauie 
nozzle.  A  similar  nozzle  ia  inversely  constructed  by  having  the  inner 
slot  in  a  hollow  plug,  the  outer  lips  formed  by  the  rim  of  the  eusheathiii}; 
tube,  and  with  a  band  fixed  to,  or  independent  of,  the  same,  to  combine 
with  either  of  the  two  sides  of  the  plug-slot. 

I  find  that  a  very  simple  way  of  holding  a  deflector  Up  to  a  tube  and 
its  outlet  is  to  clamp  it  beneath  a  rubber  band  or  rubber  tube  slid  on 
as  a  sheath.  For  example,  a  flat  piece  of  sheet  metal  can  be  conformed 
to  the  surface  of  the  tube  or  nozzle,  and  then  have  one  end  bent  up  or 
beveled  aa  a  deflector,  while  the  other  end  may  be  shoved  under  the 
rubber  sheath,  which  will  hold  it  in  place.  The  plate  can  he  pulled  ont, 
or  replace*],  or  adjusted,  and  when  not  needed  over  the  discharge,  it  is 
carried  under  the  opposite  end  of  the  rubber.  Of  course  metal  sheaths 
or  partial  bands  can  be  used  similarly,  and  a  very  good  plan  is  to  use 
for  a  side  clamp  a  spring  ring  soldered  or  riveted  fast  at  one  point  and 
elsewhere  free,  but  severed  on  the  opposite  side  with  inwardly  beveled 
ends  to  clamp  the  lip-slide.  A  similar  ring  attached  to  the  Up  serves 
well  for  fixing  it. 

The  principle  of  rotation  may  be  introduced  with  advantage  in  all  the 
preceding  chambered  forms  of  slot-nozzles  by  making  the  supply  en- 
trance eccentrically  parallel  to  a  circumferential  tangent  to  the  rotation 
chamber.  J  have  ma<le  cheap  sheet-metal  nozzles,  involving  this  prin- 
ciple, after  the  plansindicatedin  Plate XVI,  Figs,  land 3.  In  Fig. 3 the 
spoat,  a,  enters  tangentially  into  the  chamber,  c,  being  soldered  to  it  at 
X.  I^ear  the  ontside  of  this  juncture  is  the  cross-slot,  *.  The  chamber 
is  formed  of  two  concave  pieces,  or  can  be  short,  cyliudriforra,  and  may 
have,  for  cleaning  ont,  an  opening  closed  by  a  can  screw  or  otherwise- 
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Bat  it  will  be  simple  to  make  the  spcmt,  a,  so  short  that  obstraeting 
-matter  may  be  removed  throagh  it. 

Id  Fig.  1  is  seen  a  similar  rotary  nozzle,  bat  with  a  alot,«,  following  in 
its  oyliadrical  periphery.  The  slot  increases  in  width  in  the  direction 
of  rotation  (£rom  right  to  left)  for  reaeoBS  given  above.  The  screw-cap 
o  affords  a  targe  entrance  to  the  chamber.  I  have  nsed  this  same  kind 
of  nozzle,  made  of  brass,  in  the  more  compact  form  shown  in  Fig.  2, 
where  the  opening  above  is  by  a  screw-plug,  e.  The  plag  may  be  solid 
or  it  can  be  hollow  and  have  a  slot  also.  In  this  case  it  may  be  aet  by 
screw  or  otherwise  towards  either  of  the  outside  lips,  which  then  serve 
individually  as  dedectors  or  for  partly  closing  the  inner  slot  to  thin  the 
spray. 

Nozzles  of  this  kind  may  have  the  rotation  chamber  of  small  diam- 
eter, even  as  small  as  that  of  the  supply  tnbe  as  shown  in  Plate  XVI, 
Figs.  4  and  6.  Of  these,  Fig,  5  has  its  discharge  on  the  side,  at  right 
angles  to  the  spoat,  and  is  for  spraying  upwanls,  while  Fig.  4  ex- 
hibits a  nozzle  for  direct  sprays.  In  this  figure  is  also  presented  a  plan- 
section  of  the  latter.  The  lettering  is  the  same  for  the  three  figures. 
The  slot  is  marked  «,  the  plug,  e,  the  spoat,  a,  and  o  represents  an  ec* 
centric  entrance,  admitting  the  liquid  from  the  spout,  a. 

These  rotary  slot  nozzles  are  very  compact  and  convenient,  supplying 
the  spray  in  any  direction  desired. 

The  nozzle  shown  in  Plato  XVIIl,  Figs.  2  and  3,  presents  some  other 
additions  which  may  be  made  in  this  class.  The  spout,  a,  leads  to  a  cham- 
ber, A,  formed  by  two  plates  or  caps,  c,  held  together  by  the  screw  nr 
thamb'Screw,  w.  One  or  both  of  these  may  have  a  part  of  one  edge  cat 
away  to  leave  a  slot-like  outlet  between  them,  as  at  s.  Here  it  will  be 
seen  that  the  outlet  grows  wider  in  the  direction  of  rotation,  and  one 
lip  has  a  bevel  beyond  which  it  shows  a  deflector-rim  in  section  at  p. 
A  tree,  loose  pnyectile,  t,  whirls  with  the  liquid  inside  of  the  annular 
chamber,  to  wipe  away  or  disintegrate  any  obstructing  materials  which 
lodge  upon  the  interior  of  the  slot.  It  is  preferable  to  unite  the  screw 
&8t  to  one  cap,  which  then  answers  as  a  thamb-head  for  it,  while  the 
other  works  as  a  nut.  By  unscrewing,  it  can  be  opened.  In  Fig.  2  the 
same  parts  will  be  seen,  and  it  differs  in  having  the  slot  continue  en- 
tirely ftround  between  the  caps,  which  do  not  at  any  point  quite  meet, 
by  their  margins,  bnt  are  held  thus  apart  by  a  central  column  penetrated 
by,  or  formed  on,  the  screw.  With  a  low  deflector  this  would  throw  a 
circular  or  dish-shaped  spray,  bnt  with  the  rim,p,  higher,  as  shown,  the 
spray  is  thrown  in  a  bowl-shaped  form. 

After  this  consideration  of  the  more  essential  principles  pertaining  to 
Slot-Bozzles  we  are  prepared  to  judge  better  of  the  value  of  various 
kinds  that  have  appeared  in  the  trade. 

Simple  slot -nozzles. — The  practice  of  squeezing  the  end  of  a  hose 
to  flatten  the  jet  of  water  into  a  spray  has  long  been  in  vogue,  and  thid 
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tbimble  shaped  gasjet  whicb  dischsirgcs  through  a  slit  across  its  end  is 
auother  early  simple  form  of  elot-uozzle  used  for  spraying  liqaida. 

In  1871  Mr.  J.  H.  Fowler,  of  Oakland,  Cal.,  patented  (No.  153672)  a 
Blotted  thimble -nozzle  with  the  end  flattened  and  broadened  somewliat 
to  enable  greater  length  of  slot,  and  hence  throw  a  larger  Tolame  of 
spray  than  the  simpler  thimble  form,  but  the  shape  is  such  as  to  render 
It  very  liable  to  clog,  and  there  is  no  easy  way  for  cleaning  it  oat. 

A  slot-nozzle  of  this  description,  bnt  having  a  crook  so  that  its  dis- 
charge is  at  a  strong  angle  with  its  supply  pipe,  has  been  claimed,  with 
some  other  pomp-details,  by  Mr,  W.  W.  Mallory,  of  Holland  Patent, 
Oneida  County,  N.  T.,  in  patent  No.  237193,  February  1, 1831. 

Mr.  Anthony  Iske,  of  Lancaster,  Pa.,  patented  (Xo.  233131),  in  1880, 
a  nozzle,  consisting  of  a  slot  in  the  side  of  a  small  box  which  is  perfo- 
rated by  a  supply  tube  having  an  iulet  hole  from  its  side  into  the  box. 
The  bottom  of  this  chamber  has  small  leak-boles.  The  drip  from  these 
and  the  slot  collects  in  a  large  cup  beneath  them  and  mounted  on  the 
same  tube.  This  principle  also  looks  like  a  poor  one,  but  I  have  not 
had  an  opportunity  for  testing  it,  antl  hence  cannot  speak  with  cer- 
tainty. 

Plitg  SLOT-NOZZLES.— Mr.  A.  F.  Alien,  of  Providence,  E.  I.,  pat- 
ented in  1869  (No.  S9456)  and  in  1872  (No.  132C17),  what  may  be  called 
a  plug  slot-nozzle,  the  Intter  patent  having  added  an  internal  gate- valve 
to  shut  off  the  discharge  which  would  generally  not  be  needed  in  spray- 
ing poison.  The  water  is  spread  by  a  conical  plug  held  so  loosely  in 
the  discharge  orifice  that  a  sheet  of  liquid  cau  issue  all  around  it  ofid 
break  into  a  spray.  TLe  plug  is  attached  by  small  rods  to  a  nut  which 
sci-ews  back  and  forth  on  the  outside  of  the  nozzle,  by  which  the  plug 
may  he  set  tight  enough  to  close  the  end  or  loose  enough  to  let  out 
a  sheet  of  liqnid  of  any  thickness  desired.  With  a  different  ping  a 
solid  Jet  alone  or  a  solid  jet  and  spray  combined  is  made  by  the  same 
nozzle. 

A  slit-nozzle  involving  some  of  the  principles  in  Mr.  Allen's  nozzle, 
some  in  Mr.  Rnhmann's  improved  cone-deflector,  and  others  in  Mr.  John- 
son's grooved  plug-nozzle  is  called  "  The  Niagara  I^awn  Sprinkler  "  and 
is  being  made  at  Sacramento,  Cal.'  The  cone  deflector  serves  as  an  ad- 
justable loose  plug,  to  change  the  quantity  of  water  emitted  around  it 
A  rod  through  the  axis  of  the  nozzle  barrel  projects  beyond  the  dis- 
charge, whereit  is  cut  with  a  spiral  thread,  on  which  the  truncated  per- 
forated cone  can  be  screwed  and  placed  at  such  distance  as  to  regulate 
the  size  of  spray  desired. 

Mr.  F.  T.  Pinter,  of  Schulenburg,  Tex.,  patented  (No.  233431)  in  1880 
a  nozzle  having  a  serai- funnel -shaped  discharge,  and  fitted  into  the  same 
a  semi-cone  as  a  plug  set  farther  in  or  out  by  a  clamp  screw.  Tbe 
curved  narrow  space  between  this  plug  and  the  concave  wall  is  the  out- 

:„  at  tbe  SMte  of  CBlitCiml*,  b;  UUtbcw  Cook,  Sm- 
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let  oriftce,  haying  a  oarved-slot  shape.  The  device  is  essentially  a 
crooked  adjustable  slot,  but  such  that,  when  set  vide  open,  its  lips  act 
only  as  deflectors. 

Bemotablb  slots. — A.  slit-nozzle  manufactured  ander  the  joint  pat- 
ent fSo.  251448,  Dec  27,  1881)  of  Messrs.  P.  Long,  De  W.  0.  Vestal, 
and  A.  F.  Merigot,  of  San  Jo84,  Oal.,  consists  of  a  screw^-cap  having  a 
large  ronnd  perforation  through  its  top,  beneath  which  a  slotted  circu- 
lar disk  can  be  clamped  on  the  end  of  a  pipe.  Disks  with  slots  of  un- . 
like  capacity  are  separably  iusertable  to  produce  sprays  of  different 
sizes.    The  same  arrangement  permits  clogging  material  to  be  removed. 

Jawed  slots. — Attempts  hare  been  made  to  combine  the  slit-spray 
and  solid  jet  in  one  nozzle.  Most  of  .these  are  not  well  suited  for  our 
purposes,  but  I  must  notice  one  which  will  answer  well  for  large  broad- 
cast sprays.  This  is  sold  in  the  market  under  the  title  of  "  The  Boss 
Nozzle"  as  patented  (So.  208122),  in  1878,  by  G.  N.  Raymond,  and 
G.  B.  Perkins,  of  Bridgeport,  Conn.  It  is  shown  in  Plate  XVII,  Fig.  6, 
and  in  section  at  Fig.  6;  b  represents  its  hose  attachment,  a  the  barrel 
and  c  its  head,  through  which  the  passage  is  controlled  by  a  fancet- 
plng,  dy  so  cut  that  it  may  be  turned  by  the  head  d  to  direct  the  water 
through  the  solid  jet-pipe/,  or  through  the  slot  »,  at  will.  This  slit 
allows  the  water  to  spread  broadly  and  the  plug  is  adjustable  to  flatten 
the  spray  still  more  to  any  degree  of  thinness  desired,  or  allow  it  to 
discharge  with  the  full  capacity  of  the  slot.  This  adjustment  enables 
the  washing  or  cleaning  ont  of  foreign  materials  instantly  from  the  slit, 
simply  by  turning  the  ping,  which  Is  one  of  the  greatest  advantages  in 
this  nozzle. 

A  solid  jet,  with  lips  that  close  to  form  a  slot-spray,  was  invented  by 
Mr.  L.  B.  Smith,  of  Chelsea,  Mass.,  and  secured  in  1831  (No.  24G0d6). 
A  section  view  of  it  appears  in  Plate  XVII,  Fig.  4;  a  indicates  the  bar- 
rel npon  which  a  long  thnmb-nut,  b,  may  be  screwed  backward  or  for- 
ward. The  two  pe<!nliarly  shaped  lips,  yy,  with  sides,  cc,  are  hinged,  at 
00,  upon  which  joints  they  may  open  or  shut.  The  lips  also  have  back- 
ward lever  arms,  xx.  The  nut  screwed  forward  beneath  these,  holds 
the  lips  shut,  leaving  only  the  slot  ontlet,  while  moving  the  nut  back 
to  disengage  it  from  the  levers  allows  the  lips  to  open  and  a  solid  jet  is  • 
discharged.  Similarly  the  slot  can  be  opened  to  permit  obetrncting 
matters  to  wash  ont  of  it. 

In  1874  (No.  153977)  Mr.  Biddle  E.  Mtrffett,  of  Swedesborough,  S.  J., 
patented  the  nozzle  shown  in  Plate  XV IT,  Fig.  3.  "  The  spout,  a,  is  cut 
under  suitable  inclination,  and  closed  by  rubber  or  other  packing,  b, 
applied  to  the  similarly  inclined  front  end  of  a  spring-lever,  I,  which  is 
pivoted  to  standard,/.  The  packing,  b,  is  of  elliptical  shape^  and  flts 
tightly  over  the  spout  of  the  nozzle,  so  as  to  prevent  the  escape  of  any 
water  tberefh>m.  A  band  spring,  n,  acts  on  the  handle  of  the  lever, 
and  forces  the  front  end  on  the  spout  until  opened  by  pressure  on  th« 
tom  lumdle,  I,  or  o>  its  lip. 
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For  the  pnrpose  of  watering,  tlio  nozzle  ia  beld  in  one  baoil  aod  tbe 
spring  lever  ilepresaed  by  tbe  other,  ap  aa  to  produce  tbe  release  of  the 
packing  and  tbe  escape  of  the  water.  Tbe  water  being  thrown  ont  with 
4;ortain  force,  impinges  on  the  front  packing  of  the  lever,  which  stands 
at  a  certain  angle  with  tbe  direction  of  tbe  water  and  causes  thereby 
tbe  deviation  troni  its  coarse  and  its  spreading  into  a  broader  sheet. 
The  water  is  thrown  to  a  greater  or  less  distance  from  the  spout  as  the 
lever  ia  opened  more  or  less." 

In  case  the  discharge-crack  clogs,  it  can  be  suddenly  sprung  wide 
open  .and  the  obstructing  particles  as  quickly  washed  away.  It  should 
also  be  observed  that  th«  packing  projects  to  serve  as  a  deflector  and 
thaa  make  the  spray  thinner.  Somewhat  similar  to  this  are  tbe  three 
following  styles : 

Plate  XVIII,  Fig.  1,  shows  a  modified  plan  of  nozzle  which  was  made 
by  Mr.  Williams,  of  Selma,  Ala.,  and  used  on  hie  pump  noticed  further  on. 
The  water-pipe,  o,  opens  into  a  chamber  formetl  of  a  can-screw,  c,  upon  a 
sanccr-sbaped  base,  s..  These  are  aoldered  together  only  in  the  region 
marked  x.  From  this  to  «  is  an  open  crack  out  of  which  a  sheet  of  wa- 
ter is  thrown  and  spread  still  more  thinly  by  striking  the  upwardly  in- 
clined rim,  s.  The  pressure  of  the  water  inside  tends  to  force  said  crack 
open  wider,  but  it  ia  aet  and  held  at  any  width  desired  by  tbe  thumt>-nut, 
on  a  bolt  which  perforates  the  base  and  has  its  bead  soldered  to  tbe 
cap  above.  When  the  nut  is  removed,  the  cap  beariug  the  bolt  can  I>e 
unscrewed  and  taken  off,  leaving  the  top  open  for  removing  clogging 
materials  {torn  within;  but  generally  the  crack  will  clear  itself  if  tbe 
thumbscrew  is  loosened  a  little  to  let  it  gape'somewhat  wider  for  an  in- 
stant. 

Mr.  Kuhmann  caveated  two  nozzles  shown  in  Plat©  5VIII,  Figs.  4  and 
6,  combining  principles  already  seen  in  the  two  just  described.  Each 
consists  of  a  spout,  a,  with  its  diagonally  cut  end  covered  by  a  plate,  p, 
which  ia  partly  soldered  fast,  as  at  x,  and  partly  free,  the  free  part  be- 
ing adjustable  to  and  from  the  end  to  open  or  close  tbe  intervening 
crack,  *,  whence  the  liquid  is  ejected.  In  Fig.  4  this  adjustment  is  by 
tbe  thnmb-sciew,  t,  working  through  the  stiff  arm,  b,  and  baving  on  its 
point  a  knob-like  expansion  inside  of  a  discoid  elevation  seen  on  tbe 
plate,  p,  enabling  the  plate  to  be  pulled  from  or  pressed  toward  the  spout 
by  working  the  screw  for  changing  the  size  of  the  spray  and  allowing 
solid  accumolations  to  wash  ont.  In  Fig.  6  is  a  different  arrangement 
for  the  same  purposes.  Here  the  plate,  p,  has  attached  to  it  the  lever,  b, 
passing  loosely  through  the  fulcrum,/,  and  operated  by  a  person's  fin- 
.ger  upon  tbe  end,  &,  while  it  is  capable  of  being  set  close  or  wide  by  the 
thumb-screw,  t,  working  against  the  spring,  r. 

Mr.  F.  T.  Pinter,  of  Schnlenburg,  Tex,,  has  recently  sent  to  the  Agri- 
cultural Department  a  nozzle  very  similar  to  those  just  described.  Tlie 
flexible  half  of  the  plate  ia  a  separate  piece  and  only  attached  to  the 
ether  half  by  a  small  piece  of  spring  metal  across  the  center  of  the 
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JnDctare.  Thiii  bolds  the  plate  off  from  the  diagonally  cut  end  of  the 
spoat  while  it  may  be  depressed  to  diminish  or  close  the  outlet  by 
screwing  down  apon  it  a  flanged  thnmb-Qat.  Also,  the  tube  crooks  near 
the  plate  so  that  its  stem  or  handle  is  parallel  to  the  course  of  the  spray. 
Its  operation  is  not  essentially  different  from  that  of  the  other  nozzles 
just  noticed. 

A  slot-nozzle  patented  in, Ho.  223402,  January  6,  1880,  by  Mr.  J.  W. 
Stanton,  of  New  York  City,  consists  in  a  solid  jet  pipe  with  one-half  its 
barrel  longitudinally  cut  off  at  its  discharge  end  and  for  some  distance 
back  so  that  the  thumb  can  there  be  applied  against  the  side  of  the 
Htream  to  flatten  and  disperse  it. 

Side  slots; — The  diagonal  slot-nozzles  have  led  us  naturally  to  those 
which  discharge  from  a  slot  in  the  side.  Of  this  kind  I  have  tested 
two  or  three  different  styles  devised  by  Mr,  John  Scbjer,  of  Ellinger, 
Tex.  Plate  XVI,  Fig.  8,  shows  his  simplest  sort,  which  is  a  vertical 
screw-cap,  with  a  horizontal  slit  cut  near  its  top.  The  slit,  s,  is  so  deep 
as  to  throw  a  broad  semicircular  spray,  while  that  in  Plate  XVI,  Fig. 
9,  differs  only  in  having  the  spray  divided  into  three  with  intervals  be- 
tween. In  tliis  way  the  oue  nozzle  may  be  made  to  supply  three  rows 
without  wasting  much  spray  between  them.  Either  of  these  short  cap 
nozzles  can  be  screwed  on  the  end  of  a  vertical  discharge  pipe,  and 
iu  case  of  clogging  can  be  removed  by  unscrewiog  them,  while  their 
shallowness  makes  the  interior  easily  aecessible.  A  third  nozzle  by  the 
same  inventor  ia  represented  in  Plate  XVI,  Fig,  10.  The  part,  c,  is 
screwed  on  and  separable  trmn  a  screw  fixed  iu  a  solid  coi'c,  filling  the 
center  and  one  side  of  the  tube,  a.  At  one  side  of  this  core  is  an  upward 
slot-like  passage  leacliug  to  the  horizontal  outlet,  the  lower  lip  of  which 
is  the  top  margin  of  the  spout,  a,  while  its  upper  lip  is  the  lower  margin 
of  the  cap,  c,  and  hence  the  lips  are  taken  apart  when  those  parts  are 
separated.  This  gives  better  opportunity  to  clear  out  obstructions  from 
the  horizontal  outlet  and  the  vertical,  semi-cylindrical  slot  within,  which 
may  also  choke  unless  a  very  perfect  straining  process  is  used.  The 
lever,  t,  is  a  thumb-piece  by  which  to  screw  the  short  tube,  d,  on  a  pipe, 
and  the  vertical  collar  at  its  base  is  to  prevent  any  poison  from  spurt- 
ing back  toward  the  same,  which  points  toward  the  operator. 

Mr,  J.  C.  Melcher,  of  Black  Jack  Springs,  Fayette  County,  Tex., 
has  furnished  two  varieties  of  this  type  of  nozzle,  which  are  very  sim- 
ple in  constrnction,  and  may  be  briefly  descrilied  as  follows  :  The  first 
is  a  simple  T  pipe  of  tin,  with  two  slots  cut  crosswise  of  the  tube  and 
parallel  with  each  other  just  opposite  the  juncture  of  the  stem-pipe. 
The  ends  of  the  cross-pipe  are  closed,  one  having  a  cork  or  plug  remova- 
ble for  cleaning  out  the  interior.  The  other  nozzle  is  a  simple  L  pipe 
forming  an  obtuse  angle  and  having  its  distal  end  closed  with  a  cross- 
wise slot  near  thereto.  For  comparatively  coarse  broadcast  work  these 
forms  may  be  employed,  and  any  of  the  coarse  side-slots  answer  for 
powder-blasts  discharged  beneath  the  plants.   See  PI.  XXVlI,  Fig.  i,  sa. 
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(Flatoa  xix  to  xxm.) 

TToder  this  title  may  be  noticed  nozzles  snch  aa  spread  a  solid  jet  by 
a  projectiDg  inclined  surface  against  vtiich  it  is  forced.  The  de&ector 
is  geoerally  used  for  jets  of  liquid,  bat  it  is  also  applicable  for  spreading} 
directing,  and  dividing  blasts  laden  with  dry  insect  powder.  The  em- 
ployment of  a  beveled  or  inclined  lip  as  an  aoziliary  in  slot  apraya  has 
already  been  noticed,  bat  in  the  group  of  nozzles  which  is  to  ~be  con- 
sidered now  the  spray  is  produced  by  the  deflector  ahne. 

1  have  found  that  good  cheap -deflector  nozzles  are  easily  made  by 
cutting  the  plates  oat  of  thin  sheet  brass,  copper,  zinc,  or  tin  by  means 
of  a  pair  of  stoat  common  scissors,  or  by  tinner's  shears,  by  then  bend- 
ing in  the  curves  as  described  below,  or  as  indicated  in  Plate  XX,  while 
the  deflector  is  adj  astably  or  separably  attached  very  easily  and  aatia&o- 
torily  by  inserting  its  stem  between  a  solid  jet  nozzle  and  a  segment  of 
elastic  hose  or  an  elastic  band  tightly  snrroanding  the  same. 

Over  the  ma,ny  punctured  and  slotted  nozzles  described  above,  these 
have  the  advantage  of  possessing  only  a  single  round  orifice,  asaally 
of  such  size  as  to  be  less  liable  to  choking.  At  least  so  much  is  true 
of  large  jets  for  spraying  broadcast  over  a  number  of  rows;  bat  jets  of 
this  class  from  force-pamp  pressure  and  small  enough  for  single  rows 
or  for  poisoning  from  beneath  are  peculiarly  adapted  for  clogging  by 
the  diminutive  size  necessary  to  give  only  the  very  limited  quantity  of 
liquid  needed.  Oa  this  account  it  may  be  impossible  to  adapt  this  de- 
vice qaite  satisfactorily  to  the  process  of  poisoning  ftvm  beneath. 

Oq  the  other  hand,  for  surface  sprinkling,  it  works  very  much  better, 
though  lacking  the  highest  degree  of  fineness.  But  in  all  cases  the  lip 
resists  the  fluid  after  it  is  freed  from  pressure,  thereby  retarding  it 
slightly  and  causing  a  little  to  waste  by  dripping  or  falling  in  large 
drops  unless  forced  witli  uncommonly  great  velocity.  To  avoid  this 
the  plate  shouhl  be  polished  exceedingly  smooth  and  bright  and  not 
allowed  to  rust.  Also  the  jet  must  be  thrown  against  it  with  great 
force,  otherwise  mere  adhesion  of  the  thin,  outspread  film  of  wfj^ter  to 
its  surface,  especially  if  the  stream  be  small,  causes  some  waste  by 
dripping.  Since  there  is  no  adhesion  of  water  to  fattj  substances,  I 
have  tried  greasing  the  plate,  which  helps  to  avoid  Iriction  and  adhe- 
sion of  water  as  between  metal  surfaces.  Certainly  there  seems  to  be 
loss  dri[>  when  it  is  applied,  while  it  may  help  to  prevent  rust  from  form- 
tug.  Also  an  additional  pipe  terminating  in  a  funnel  beneath  the  plate 
to  catch  and  return  the  waste  to  the  reservoir  can  be  used  with  these 
broadcast  8i>rinklers. 

The  lip-nozzle  as  commonly  made  with  a  single  jet  has  s  fiat  deflect- 
ing plate  with  a  curved  outline  or  a  straight  distal  edge  in  the  same 
plane  or  slightly  turned  up.  The  spray  from  these  naturally  forms 
denser  and  heavier  in  its  center,  becoming  thinner  towards  the  margins, 
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vhicb  are  Dot  thrbwD  so  far  as  the  median  part.  For  throwing  poison 
solntioD  npwaid,  espedaJIy  into  trees,  this  may  be  preferable;  but  for 
throwing  it  horizontally  broadcast,  less  direct  distance  and  greater  width 
with  more  perfect  outermargins  are  needed.  Theiearenozzlesforour  pur- 
poses that  thin  the  miildlo  of  the  spray  by  a  median  prominence  of  the 
plate,  and  there  are  others  which  do  not  thin  the  middle  but  contract 
the  margins  by  turning  up  the  sides  of  the  plate;  but  these  two  features 
should  be  combined  in  one  and  the  same  plate  and  should  run  together 
by  a  regular  undulation.  Such  a  plate  may  have  various  a^jastments, 
many  of  which  are  shown  in  the  patterns  to  be  described. 

In  some  of  the  styles  to  be  noticed  it  will  be  seen  that  it  has  been 
the  aim  to  use  with  a  solid  jet  pipe  ^  deflector  so  adjusted  that  It  may 
be  set  entirely  out  of  the  way  of  the  jet,  and,  in  some  cases,  to  give  a 
variable  pitch  to  spray  it  strongly  or  slightly  as  desired. 

The  following  are  some  of  the  forms  of  deflectors  used :  Those  in 
Plate  XIX,  Fifs.  1, 2,  and  3, 1  employed  chiefly  for  spreadintf  the  large 
air-blast  jets  of  powder-poison  blown  from  pipes  about  3  inches  in 
diameter.  The  deflector  ptatea,  j>,  shown  in  these  figures, stand  at  a  vari- 
able angle  of  about  46°  from  a  vertical  and  the  end  of  the  horizontal 
spout,  d,  is  cut  at  an  in^'erse  angle  of  45°. 

fig.  3  represents  one  consisting  of  the  spout,  a,  lyid  an  angle-plate 

deflector,  p,  attached  below,  at  x,  and  above  by  the  rod,  a.    At/  is  an 

,  incision  with  the  corners  bent  outward  to  divide  the  jet  into  two  lateral 

fan-shaped  sprays,  projecting  them  in  nearly  opposite directionsinto  two 

rows  from  a  single  spout  ending  between  them  and  near  the  ground. 

Another  pattern  presented  in  Fig.  2  produces  similar  effects  on  the  jet. 
Its  median  part,/,  is  bent  up  into  a  high  fold  which  is  closed  at  the  lower 
end  and  soldered  into  slits,  at  x,  cut  above  and  below  in  the  extremity 
of  the  spout,  a.  The  upper  part  of  the  fold,/,  should  be  closed  for  a 
continuous  spray,  but  to  divide  the  one  into  two  it  may  be  opened  some- 
what. The  lower  angles,  v  v,  are  curved  to  direct  upward  and  thicken 
the  outer  margins  of  the  spray. 

The  latter  feature  is  more  strongly  produced  in  the  similarly  con- 
structed nozzle  appearing  iu  Fig.  1  which  condenses  the  sides  of  the 
spray  still  more  and  works  equally  well. 

In  order  to  get  an  even  fan-shaped  spray  without  ragged  thin  borders 
the  contracting  of  the  outer  margins  by  bending  the  outer  edges  of  the 
plate  upward  la  as  important  as  the  thinning  of  the  median  portion  of 
the  spray  by  elevating  the  middle  of  the  plate,  and  these  two  features 
appear  iu  combination  with  each  other  in  some  of  the  deflectors  below. 
There  are  three  other  patterns  by  which  it  is  easy  to  make  these  of 
sheet  metal. 

One  of  them  is  shown  in  Plate  XX,  Fig.  4.  Ttii!  plate,  p,  has  its  me- 
dian part  elevated  at/,  while  the  lateral  margins.  A,  are  curved  over. 

In  Fig.  3  the  pecniiarity  consists  in  having  the  distal  end  of  the  plate, 
p,  not  eut  straight  across  but,  with  an  angular  piece  cut  out,  flsh-tuil- 
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like,  with  a  short  sUt,/,  in  the  middle,  while  to  each  side  of  it  the  froot 
edge  is  bent  upward,  more  Btceply  at  the  ceuter  but  less  and  less  to- 
wards the  outer  aogles  where  the  commOD  level  of  the  rest  of  the  plat« 
is  attained  and  beyond  which  the  margins  of  the  plate  roll  up.  Id 
case  tbo  wator  escapes  through  the  cential  slit  badly  it  may  be  bridgetl 
over  by  a  drop  of  solder  oii  its  back. 

The  third  form,  Plate  XX,  Fig.  1,  by  which  similar  results  have  been 
obtained,  is  the  most  satisfactory.  In  it  there  are  no  corners,  tbu  front 
edge,/,  being  ronnde^l  audmoderately  elevated  to  an  augle  approximat- 
ing 35°,  but  more  or  less  variable  with  the  pitch  of  the  impiogent  solid 
jet.  Although  the  upturned  sides,  hk,  somewhat  condense  the  onter  mar- 
gins of  the  spray  thns  made,  they  are  thrown  as  f;ir  as  the  central  part 
because  of  their  encountering  less  resistance,  for  the  forward  margin 
toward  the  middle  retards  more  and  deflects  the  fluid  strougly  toward 
the  sides. 

The  form  shown  in  Plate  XX,  Fig.  2,  with  a  straight  slifjbtly  upturned 
front  edge,  has  been  used  by  some  in  preference  to  the  older  style  with 
a  plate  entirely  flat;  but  while  it  retards  the  central  portion  most  it  dues 
not  spread  this  part  strongly  enough  and  has  the  fault  of  retarding  also 
the  sides  somewhat  and  detiecting  them  more  than  the  center,  whereby 
they  are  thrown  less  distant  and  made  thinner  when  they  ought  in- 
stead to  be  condensed  slightly  in  a  lateral  direction  and  be  not  at  all 
impeded  in  front,  for  the  rule  to  be  established  for  throwing  a  d  flector- 
spray  of  eguid  quality,  density,  and  distance  from  tbe  ceuter  to  the  out- 
side is  to  hold  or  deflect  the  sides  somewhat  toward  the  center,  and  the 
denser  center  somewhat  toward  the  sides. 

Tbe  nozzle  shown  in  Plato  XXI,  Fig.  I,  was  patented  by  Mr.  K.  Boi- 
lings in  1853  (No.  9520).  The  loose  ring,  o,  surrounding  and  pivoted,  at 
88  to,  the  discharge  end  of  tbe  hose  pipe,  B,  bears  the  triangular  deflector 
plate,  A,  and  tbo  lever,  H,  by  which  the  plate  may  be  tilted  up  or  down. 
A  spring,  c,  tends  to  elevate  tbe  lever  and  depress  the  plate,  but  the 
thumb  can  tie  used  in  oppositiou  to  the  spring  to  alter  the  pitch  of  tbe  . 
same  at  any  instant.  The  same  changes  can  be  made  more  slowly  by  ■ 
turning  up  or  down  tbe  screw,  1),  operating  upon  the  lever  through  the 
link,  HE;  but  the  screw  is  especially  for  tbo  purpose  of  holding  the  plate 
more  steadily  at  tbe  angle  desired  and  without  any  manual  effort.  This 
device  without  the  screw  is  presented  in  the  descriptive  catalogue  (p. 
221,  Fig.  159),  of  Messrs.  W.  and  B.  Douglas,  of  Middletown,  Couu., 
with  the  statoment  that  "Fig.  159  shows  hosepipe  with  our  improved 
sprinkler  on  it." 

Similar  adjustments  appear  in  a  more  compact  and  hence  more  con- 
venient device  patented  in  1873  (So.  142719}  by  Mr.  Amos  Nickersou, 
of  East  Somervitle,  Mass.  In  Plate  XXI,  Fig.  2,  tbe  flat  plate,  B,  has  its 
lateral  margins  turned  up  and  is  pivoted,  at  c,  to  the  hose-pipe,  A.  The 
plute  is  set  at  the  angle  desired  by  the  thumbscrew,  jf>,  working  through 
itA  T  it)'  short  le^'er  arm,  at  8,  and  against  the  pipe,  A. 
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Mr.  J.  T.  Harden,  of  Cambridge,  Mass.,  secared  Id  187S  (Ko.  205267) 
tbe  pattern  in  Plata  XXI,  Fig.  3.  It  is  a  bose-pipe  vbicb  dlBcbarges 
from  the  plag-bole,  c.  Beyond  the  ping,  B,  is  a  shortened  barrel,  so  ex- 
paaded  that  tbe  plug,  B,  as  showu  in  section,  can  have  its  passage,  e,  eet 
to  discbarge  against  the  side  of  tbe  short  barrel,  which  then  serves  as  a 
deflector,  and  spray  is  thrown  from  a  concave,  semicylindrical  portion 
of  its  snrface. 

Another  simple  device  for  this  pnrpoae  is  that  in  a  patent  issned  in 
1881  (So.  238295)  to  Mr.  J.  W.  Killam,  of  Lakew«od,  N".  J.,  and  pre- 
sented in  Plate  XXI,  Fig.  4.  The  scoop-staaped  plate,  D,  is  provided 
with  a  socket,  B,  which  can  be  forced  over  the  jet-pipe.  A,  when  a  spray 
is  desired,  or  may  be  removed  to  use  tbe  solid  jet. 

Recently  the  nozzle  presented  in  Plate  XIX,  Figs.  6  and  7,  mannfact 
ared  by  Mr.  P.  C.  Lewis,  of  Catskill,  y.  Y.,  along  with  his  combination 
foTce-pnmp,  described  farther  on,  has  come  to  our  notice.  The  ac^'ast- 
ment  of  the  small  deflecting  plate,  p,  is  admirable.  The  plate  extends 
backward  beneath  tbe  spont  as  a  narrow  slide-bar,  p',  through  the  loops, 
u  «,  of  the  rings,  r  r,  and  terminates  in  a  bent  eye.  By  pnlling  this 
hack  with  the  finger  tbe  deflecting  part  of  the  plate,  p,  is  drawn  nnder 
the  end  of  tbe  spent,  to  which  it  clings  firmly  by  springing  ap  tightly 
against  it.  Thns  the  unimpeded  solid  jet  is  used,  and  tbe  same  may  be 
instantly  converted  into  a  spray  by  pushing  the  plate  forward.  This 
deflector  is  very  small,  neat,  and  well  made  of  brass.  The  front  edge 
is  Tonnded,  but  in  tbe  same  piano  with  the  rest  of  the  plate,  which  is 
very  narrow,  with  its  sides  nearly  parallel.  Tbesprayisofaformsnited 
better  for  sprinkling  trees,  windows,  and  houses,  but  for  broadcast  work 
on  the  ground  or  over  low  vegetation  a  sqaare  and  broader  spray  with- 
ont  ragged  borders  and  with  the  margins  and  median  parts  equally 
dense  wonld  be  preferable. 

One  of  the  deflectors,  sent  by  Mr.  J.  Scbier,  of  EUinger,  Tex.,  is 
represented  in  Plate  XIX,  Fig.  5.  The  median  protninence  of  the  plate 
spreads  the  water  more  towards  the  margins  and  thins  its  center. 
Thereby  is  sonf^ht  a  spray  of  greater  width,  with  its  middle  made  as 
thin  as  its  siduR.  The  back  of  the  tin  plate  is  stifi'ened  by  an  additional 
layer  of  tin  and  a  thick  mass  of  solder,  while  its  neck  has  a  short  brass 
screw  attachment,  a,  to  the  Kpont. 

Another  of  n  similar  pattern,  bat  entirely  of  brass,  has  tbe  plate  de- 
tachable ao  the  solid  jet  may  be  used  when  desired  as  in  Fig.  4.  The 
deflector,  p,  is  soldered  to  a  ring,  u,  which  may  be  nnscrewed  from  tbe 
spont,  a. 

Mr.  J.  A.  Barrett  has  secared  a  patent  in  (I7o.  239305)  1881  which 
seems  to  cover  tbe  foregoing  idea,  or  the  principle  of  dividing  the  jet 
into  a  spray  by  au  angular  deflector  shown,  at  a,  in  Plate  XXI,  Fig.  6, 
where  its  edge  Is  represented  as  projecting  into  the  jet,  a,  from  the  hose- 
pipe, «,  upon  which  tbe  shank,  b  and  c,  of  the  deflector  is  clamped  by  the 
spring,  d.  It  is  asserted  that  "no  backward  flow  or  general  spattering  of 
63  OOKO 1* 
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tlie  duid  is  occasioned  aboat  the  orifice  of  the  pipe  or  about  the  epriiik- 
ler."  Tlie  waste  which  falls  as  drip  from  otber  nozzles  is  tbrowu  to 
some  distance  in  the  direction  of  the  spray,  which  is  certainly  mor* 
agreeable  to  the  operator. 

Ib  Mr.  Buhmana's  improved  atomizer,  Plate  XXII,  Figs.  2  and  3,  w« 
see  one  of  the  oddest  nozzles  of  this  class ;  b  represents  a  cone  held  by 
a  rod,  c,  to  the  pipe,  a,  in  sucU  position  that  the  axis  of  the  tube  and  contt 
have  the  same  direction,  while  the  apex  of  the  latter  is  at  the  center  pf 
the  solid  jet,  which  spreads  equally  over  the  surface  of  the  cone  anil 
the  more  expanded  basal  rim,  beyond  which  it  is  projected  as  a  hollow 
cone-shaped  spray  of  equal  density  on  all  sides.  These  cone-deflectors 
can  be  used  in  broadcast  sprinkling. 

A  very  simple  nozzle  of  this  group  is  the  oae  in  Plate  XXII,  Fig,  I. 
which  [>ertaiD3  to  Mr.  Binkley's  machine,  described  hereafter.  It  con- 
sists of  a  jet- tube,  d,  squirting  against  the  flat  inclined  plate,  e.  In  his 
machine  a  row  of  these  is  arranged  on  a  cross-pi[>e  at  just  sacli  distances 
apart  that  the  margins  of  their  sprays  meet  so  all  combine  to  sprinkle  a 
broad  strip  including  several  rows. 

Mr.  John  Schier,  of  Ellinger,  Tex.,  has  invented  some  compound  noz- 
zles of  this  class,  as  shown  in  Plate  XXII,  Figs.  4,  5,  and  6.  In  these, 
"  three  or  four  jet-tubes  from  the  same  source  are  made  to  radiate  from 
each  other  and  strike  a  semicircular  or  ctrculiir  deflector-pin  te  at  snch 
Angles  that  the  margins  of  all  the  sprays  coalesce  to  form  one  which  is 
very  broad  and  may  be  semicircular  or  circular  in  outline.  The  details 
of  these  need  to  benoticed  more  particularly.  His  earlier  form  of  three-jet 
nozzle  and  its  mode  of  attachment  is  given  in  Fig.  4,  and  at  Fig.  5  is  the 
same  with  the  deflection- plate  disconnected  so  as  to  show  its  adjustment. 
The  nozzles,fl  c  c,  are  connected  with  the  conducting  pipe,  a,  by  means  of  a 
nat,  b,  and  throw  the  liquid  onto  a  distributing  plate,  (f,  of  brass,  backe<l 
and  streogthened  by  an  outer  layur  of  tin.  This  plate  is  secured  iu 
place  by  means  of  a  screw  soldered  beneath  the  nozzles,  running  tbrongb 
a  tube  connected  with,  and  rendered  firm  by,  a  bow,  e,  soldered  at  each 
«nd  to  the  out£r  layer  of  the  plate.  The  screw  issuing  from  this  tub« 
receives  a  nut;  while  still  greater  security  is  given  to  the  plate  by  a 
lirojectioD,  ^,  beneath  which  fits  onto  a  tnbe  attached  to  the  nozzle-piece. 
In  this  form  his  three-jet  nozzle  is  attachable  to  any  ordinary  hose-pipe. 

In  1879  (So.  221GI7)  Mr.  Schier  patented  a  three-jet  sprinkler  differ- 
ing somewhat  fH>m  that  just  described.  One  modification  of  it  appeum 
in  Plate  XXIII,  Fig.  1,  where  p  indicates  the  rim  which  is  semicircular 
and  mounted  on  a  U-shapcd  piece,  «,  (be  ends  of  which  slide  through 
the  loops,  it,  on  the  vertical  part  of  the  incurrent  tube,  a,  from  which  th« 
whole  is  detachable  by  drawing  the  U-bars  out  from  their  loops.  Above 
this  the  knob-shaped  nozzle  chamber  is  inserted  separably  by  a  screw 
joint,  X.  The  upper  part  of  this  can  act  as  a  reacting  air-chamber  or  bn 
closed  off  by  a  eross-septnm  just  above  the  three  jet  tubes,^,  and  tliui 
serve  only  as  a  knob  whereby  it  may  be  unscrewed.    Like  the  prece<l- 
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ing  oue,  it  is  Btrong,  nicely  made,  and  throws  a  spray  of  &ir  quality.  In 
recognition  of  tlio  fact  that  sprioklers  of  this  group  caose  some  drip 
and  waste  thereby,  Mr.  Schier  has  combined  with  his  nozzles  a  bowl- 
shaped  fnnnel,  beneath  tbo  plate,  p,  to  cat«h  tbe  drip  and  retnrn  it 
tbrongh  a  tabe,  r,  leading  back  to  the  reservoir. 

In  this  connection  may  be  noticed  a  nozzle  patented  in  1881  (No. 
238430)  by  Mr.  A.  J.  Polanstj,  of  Fayetteville,  Tex.,  and  which  seems 
to  be  only  a  simplification  of  that  described  above.  It  is  represented 
in  Plate  XXIII,  Fig.  3,  where  &  indicates  a  nozzle-chamber  which  can  be 
opened  by  the  screw-cap,  e,  above.  There  is  a  central  inlet  below  from 
thespoat-,/,  and  outlets,  ooo,  exist  at  the  side,  the  latter  discharging  Jets 
somewhat  downward  to  be  deflected  by  the  rim,  A;.  In  the  Fig.  4,  below, 
these  parts  are  seen  from  above,  c  designating  the  cap  and  A  the  cham- 
ber, which  is  partly  surrounded  by  the  deflector-rim.  This  at  its  junot^- 
nre  has  seniicircalar  holes,  kkk,  through  which  the  drip  from  the  plate 
may  descend  into  a  pan,  b,  attached  by  tbe  brace,  I,  and  to  the  spoafc,  /. 
Bat  adjoining  the  spout,/,  is  a  small  passage,  x,  ttom  which  the  collected 
drip  flows  down  the  outer  surface  of  the  spout,  /,  to  the  reswroir.  Is 
other  forms  of  this  nozzle  an  air-chamber  is  sabstituted  for  the  cap,  e, 
to  make  the  spray  more  constant. 

A  nozzle  having  essentially  the  same  form  has  been  made  by  Mr. 
Schier  and  is  shown  in  Plate  XXIII,  Fig,  2.  a  is  the  inlet  spout,  h  tbe 
chamber,  e  its  cap,  serving  as  an  air-chamber,  while  ooo  indicates  the 
outlets  and  p  tbe  circular  deflector-rim.  This  nozzle  is  specially  in- 
tended to  screw  on  top  of  the  npturned  end  of  a  pump-spoat.  It  is 
strong  and  neatly  constructed  of  brass.  Mr.  Schier  has  also  prodnced 
a  cheaper  nozzle  having  a  similar  plan.  A  zinc  can-screw  cap  forms 
the  chamber,  which  has  a  tin  inlet  spout  and  deflector-rim. 
.  All  these  three-jet  nozzles  make  broadcast  sprays  of  foir  quality, 
but  throw  too  large  a  volume  to  be  adaptable  to  poisoning  ftom  beneath, 
and  the  capacity  of  their  outlets  cannot  be  redaced  sufficiently  without 
becoming  so  small  as  to  suffer  from  clogging.  The  only  safe  way  te 
diminish  the  qnantit;y  of  the  spray  in  such  nozzles  is  by  reducing  the 
number  of  outlets. 

CENTBIFUGAL  KOZZLES. 

(Plates  xxrv,  xzT,  and  xxvi.) 

Centrifugal  sprinklers  expand  the  jet  by  giving  it  a  rapid  "rotary  mo- 
tion, which,  by  the  centrifugal  force  generated,  throws  tbe  fluid  into  a 
■bower  of  particles.  Several  styles  of  nozzles  come  under  this  hea<l' 
ing,  as,  1,  Eddg-chambered,  2,  Fittular,  and  3,  Spray^heeled. 

Among  these,  those  of  the  flrst  sub-group,  the  Eddy-jet  nozzles,  are 
the  best  For  broadcast  sprays  those  shown  in  Plate  XXY,  Figs.  6  and 
4,  Plate  XXVI,  Fig.  1,  and  Plate  XXTY,  Fig.  1,  are  partleulariy  recom- 
mended.   For  single-row  spray-jets  applied  above  or  beneath  the  foil- 
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age  those  in  Plato  XXV,  Figs.  1, 2, 3,  5,  and  6,  are  preferable.  Desciip- 
tioDS  of  these  appear  in  the  text  helow. 

When  the  extension  piece  or  nose-piece  of  a  spray-pipe  is  removed, 
a  brood  spray  of  better  qaality  is  prodaced.  This  I  regard  as  positive 
evidence  that  in  centrifagal  nozzles  a  long  discharge  passage  retards 
the  rotation  and  deflects  the  parts  of  the  current  more  nearly  toward 
parallelism  with  each  other  and  with  the  main  axis  of  the  passage, 
thereby  loosing  the  centrifagal  or  spraying  power  and  prodacing  a  nar- 
rower, poorer  spray.  By  far  the  most  perfect  spraying  effects  are  ob- 
tained by  the  Eddy-chamber  with  an  immediate  axial  discharge  from 
its  face.  There  is  no  better  established  principle  in  mechanics  than 
that  for  dispersing  purposes  the  immediate  discharge  from  the  wall  of 
a  chamber  is  far  superior  to  a  pipe  or  barrel  discharge. 

Eddychambbeed. — Eddy  chamber  jets  are  produced  by  new  epray- 
in^devices  invented  and  developed  in  the  prosress  of  the  commiasOD 
work.  They  possess  a  chamber  asually  of  disk-like  or  annular  shape. 
There  is  preferably  for  our  present  purposes  a  single  inlet  which  dis- 
charges into  the  chamber  in  an  eccentric  direetion  parallel  to  a  tangent 
to  its  ciicamference.  Such  a  device  gives  to  the  fluid  forced  into  it  a 
centripetal  geometrically  involate  course,  very  completely  converting 
the  in-current  projectile  or  translatory  velocity  or  motion  into  velocity  of 
rotation  apparently  increasing  toward  the  center,  which  generally  has 
an  immediate  discharge  by  an  outlet  throagh  the  face  of  the  chamber  and 
not  by  a  long  pipe.  The  fluid  within  proceeds  in  an  inwinding  course 
approximating  parallebsm  to  the  thin  lips  of  the  outlet,  so  that  the  tend- 
ency to  preserve  this  direction  by  its  momentum  after  being  fteed  dis- 
perses it  in  the  form  of  a  whorl  of  diverging  tangents  from  the  lip 
maigins,  as  roughly  indicated  in  Plate  XXIV,  Fig.  1.  The  principle  of 
inwrapping  centripetal  deflection  with  little  or  no  axial  movement  antil 
the  outlet  discharge  is  reached  is  one  of  the  special  characteristics  of 
the  Eddy  jets.  Thereby  is  gained  an  intense  rotation  at  the  discharge, 
and  a  broad,  fine  spray  therefrom. 

The  velocity  of  rotation  produced  in  these  nozzles  is  remarkably  rapid, 
as  exhibited  by  experimenting  with  one  having  a  glass-faced  chamber 
to  show  the  action  within. 

The  single  round  excnrrent  orifice  is  the  largest  possible  for  the  quan- 
tity of  fluid  thrown,  and  hence  is  less  liable  to  choke ;  yet  it  is  still  bet- 
ter in  the  Eddy  jets  proper  ftom  the  fact  that  the  intense  rotation  does 
not  permit  a  solid  flow  of  fluid  from  the  oatlet,  bat  only  a  hollow  jet  is 
emitted,  which  allows  the  hole  to  be  larger  than  the  body  of  floid  pass- 
ing throagh  it.  If  the  face  has  much  thickness  the  outlet  hole  throagh 
it  should  have  its  margins  beveled  on  one  or  both  sides  to  give  a  broader 
spray ;  also  if  it  expand  gradually,  like  the  flare  of  a  bugle,  adhesion  to 
the  thin  film  of  water  passing  out  agfunst  its  circumference  spreads  the 
liquid  much  wider.  And  again,  if  the  bevel  or  flare  is  such  that  the  out- 
let is  narrowest  at  its  inner  commenoement,  or  if  this  edge  project  some- 
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what  aharply  into  the  chamber  as  well  as  into  the  begintung  of  the  out- 
let passage,  there  will  be  less  liability  to  clogging. 

While  clogging  seems  redaoed  to  a  minimum  in  these  nozzles,  in  view 
of  the&ct  that  any  nozzle  ma;  be  filled  with  rubbish,  a  removable  fiwe, 
cap,  or  ping  in  combination  with  the  rotation  chamber  is  nsed  for  those 
of  the  small  size,  bot  the  necessity  for  cleaning  need  not  occur  if  proper 
attentioB  is  given  to  straiolog  with  devices  such  as  are  described  else- 
where in  this  report 

The  advantage  of  using  only  a  single  entrance  to  a  nozzle  is  easily 
seen.  One  large  orifice  for  the  givea  volume  of  water  to  be  thrown  is 
less  likely  to  choke  than  two,  eaoh  of  half  it«  capacity.  On  this  account, 
and  in  order  not  to  increase  friction,  more  than  one  inlet  should  not  or- 
dinarily be  nsed.  But,  on  the  contrary,  most  of  the  rotation  nozzles  that 
have  been  pat  apon  the  market  have  at  least  two  inlets,  and  snfl'er  from 
clogging  more  than  twice  as  much  as  they  otherwise  would.  Xo  avoid 
the  same  impediments  it  is  also  desirable  to  have  the  inlet  or  inlets  as 
strught  as  possible  and  eccentrically  parallel  to  a  tangent  to  the  out- 
side of  the  rotation  cavityj  yet,  a  curve  is  not  specially  objectionable 
in  this  passage  if  it  be  in  the  direction  of  rotation,  as  shown  in  Plate 
XXVf,  Fig.  4,  for  it  tbea  may  serve  rather  as  an  auxiliary  thereto. 
The  best  form  of  inlet  is  the  straight,  tangeotiallj  inserted  tube  or  pas- 
sage in  the  circumference  of  the  rotation  caviLy,  and  this  appears  in 
most  of  these  new  rotation  nozzles,  as  in  Plates  XXIY  and  XXY,  But, 
OS  the  contrary,  every  centrifugal  uozzle  that  I  hare  been  able  to  find 
in  the  trade  depends  on  some  objectionable  form  of  entrance  passage, 
retarding  the  motion,  liable  to  choke,  or  nith  passages  with  difficulty 
accessible  for  cleaning  oat.  It  should  be  remembered  that  a  crook  eqniv- 
alent-to  a  right  angle,  by  its  resistance, 'causes  over  one-third  more  la- 
bor at  the  force-pump  as  wasted  energy,  or,  inversely,  with  the  same 
power  at  the  pomp  not  two-thirds  as  much  spraying  power  at  the  noz- 
zle will  result. 

An  entrance-tube  at  an  angle  with  the  asis  of  the  chamber,  but  tan- 
gential to  the  outside,  gives  an  advantage  by  adapting  the  spray  for 
sprinkling  from  beueath  upwards  or  from  above  downwards,  while  it 
serves  well  for  broadcast  throwing  also;  audit  should  be  observed  that 
in  these  nozzles  which  at  present  seem  most  preferable  for  poisoning 
cotton  firom  beneath,  the  tangential  entrance-tube  stands  about  at  right 
angles  to  the  axis  of  the  spray.  At  the  same  time,  the  nozzle  does  noc 
project  upwards  to  any  marked  extent  above  its  feed-pipe,  and  hence 
cannot  catoh  upon  the  pUnts  under  or  against  which  it  is  drawn.  On 
the  other  band,  the  long  barrel-nozzles  cannot  be  used  for  this  porpose, 
becanee  they  form  a  hook  or  angular  projection,  which  would  hang  apon 
the  plants. 

Certain  variations  of  these  characteristics  already  given  will  be  pre. 
■ented  in  the  examples  to  be  described  further  on,  which  show  the  con- 
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atraction  and  what  now  seems  the  beat  combinatioua  of  the  parts  of  aom* 
of  the  nozzlea  of  this  gronp: 

Furat  we  may  notice  a  Qnmber  of  eddy-jeta,  aa  involving  the  priueipleB 
which  aeem  the  best  for  poisoning  the  fields,  and  which  are  the  only  noizlea 
Bnited  for  applying  poison  properly  to  the  nnder  anrfaces  of  the  foliage. 
In  all  theae  the  rotation  chambers  and  the  inlets  and  outlets  of  the  sam* 
are  essentially  of  the  kinds  already  described,  bat  we  need  to  examine 
a  f^w  styles  selected  and  illostrated  to  show  particularly  some  of  tfa« 
detaUs  of  constmction,  form,  and  size. 

Fig.  1,  Plate  XXIV,  preaents  a  plan  view,  of  one  of  the  larger  typical 
eddy-jets  as  cheaply  made  of  thin  aheet-metal.  The  apoat,  a,  is  showD 
in  section  to  its  inlet-discharge,  x.  The  arrows  indicate  the  coiirse  of 
the  fluid  throjigh  the  chamber,  €,  and  from  its  central  ontlet-discbai^,  » 
The  whorl  of  tangents  ia  intended  to  allow  the  plan  of  dispersion  of  ths 
spray  which  flies  ofi  from  the  margins  of  the  ontiet,  a.  A  plan  section  of 
the  chamber,  c,  is  shown  also  in  Fig.  1,  where  x  marks  the  eccentric  inlet 
and  one  arrow  shows  the  current  of  water  entering  from  the  spout,  a, 
while  another  gives  an  idea  of  the  angle  of  tangential  discharge  from 
the  oatlet,  s.  If  desired,  the  aide  of  the  chamber  might  be  famished  with 
an  opening,  closed  by  a  lid,  cap,  or  ping.  The  orifices  are  so  large  that 
clogging  and  cleaning  out  will  hardly  be  necessary  in  nozzles  of  this 
size;  but  when  these  are  reduced  for  small  sprays  suited  to  spraying  the 
under  surfaces  of  gmall  plants,  a  means  of  opening  the  chamber  to  clenn 
it  out  had  better  be  provided.  A  nozzle  of  this  pattern  is  very  cheap, 
and  iu  the  size  indicated  will  throw  a  remarkably  large,  fine  apray  for 
broadcast  work,  varying  according  to  the  force  applied ;  but  with  a  com- 
mon syringe  pnmp  or  hydronetto  the  single  jet  is  easily  spread  30  feet 
wide  and  distant.  Nozzles  of  this  general  style  seem  to  be  the  best  for 
spraying  either  above  or  beneath. 

To  get  extremely  large  and  broad  sprays  the  oriflcea  may  be  increased. 
As  in  Plate  XXIV,  Fig.  2,  the  capacity  of  the  inlet,  ir,  may  eqnal  th« 
caliber  of  its  spout,  a,  and  the  jet-hole,  »,  may  be  much  larger,  leaving 
only  a  very  narrow  margin,  o,  to  represent  the  excnrrent  face.  With 
snchan  outlet  the  angleof  dispersion  is  very  much  wider  and  the  widest 
sprays  for  broadcast  throwing  c^ui  be  made. 

But  for  all  ordinary  purposes  there  ia  no  need  of  making  the  nozzh 
of  such  large  size.  Indeed,  the  very  small  size  shown  in  Plate  XXV,  Fig. 
i,  gives  a  very  large  spray  well  suited  for  broadcast  work.  A  plan  sec- 
tion of  the  same  is  shown  also.  In  both  flgnres  a  marks  the  spout,  j 
its  eccentric,  tangential  inlet  to  the  chamber,  o  e,  and  a  the  outlet.  Ths 
t^hamber  is  formed  iii  a  removable  plug,  c,  inserted  into  the  cap,  which  is 
fixed  to  the  spout,  a.  The  tangential  inlet  iK'rforates  both  the  plug  and 
the  cap,  while  the  central  oatlet  perforates  the  cap  only. 

A  nozzle  of  the  same  style,  but  with  a  smaller  outlet,  is  represented 
in  Plate  XXV,  Pig.  2.  Tliis  and  those  in  Pigs.  1,  3,  and  6  will  exhibit 
what  aie  suitable  standard  sizes  for  small  jeta  to  throw  poison  apward 
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beneath  the  plants.  lo  all  these  the  same  letters  indicate  correspondinjf 
parts,  and  it  should  be  noticed  that  in  the  laatthree  the  outlet  is  throag:h 
the  large  end  of  the  hollow,  cap-shaped  plug,  while  it  is  beveled  so 
deeply  that  the  iuuer  edge  is  sharp.  If  this  edge  is  made  to  projeut  a 
little  into  the  chamber,  it  will  be  still  more  free  from  clogging.  These 
jets  will  receive  attention  again  farther  ou  as  combinations  in  several 
machines.  While  they  are  the  best  for  poisoning  the  under  surfaces  of 
plants,  there  are  some  others  which  might  be  substitated  for  the  same 
purpose  and  work  well  enoagh  to  be  worthy  of  a  notice  in  this  connec- 
tion. 

WmaTLB-jBTS. — We  have  introduced  another  spraying  principle  in 
what  we  call  whiatle-jeta,  esauiples  of  which  will  now  be  noticed. 

Plate  XXIV,  Fig.  7,  shows  an  eddy-chamber  nozzle,  witb  aperipheral 
discharge,*,  from  the  chamber,  c,  which  is  closed  by  a  removable  Ud,  plug, 
or  cap,  and  has  a  supply-pipe,  a  x.  The  axis  of  the  chamber  is  prefera- 
bly at  a  right  angle  with  the  aids  of  the  spout,  a,  and  the  diameters  of 
these  two  parts  are  abont  equal.  Bat  the  tangential  iulet-hole  from  the 
•pout  through  the  wall  of  the  chamber  is  smaller  than  the  caliber  of 
the  Bpont  and  is  situated  close  to  that  side  which  is  marked  x.  The 
•pray  is  discharged  at  right  angles  to  the  spont,  and  may  be  directed 
horizontally  or  vertically  (upwards  or  downwards).  Theinterual  work- 
ing and  manner  in  which  the  spray  is  generated  can  be  better  ander- 
•tood  by  reference  to  Plate  XXIY,  Fig.  6,  which  represents  a  plan  sec- 
tion of  a  nozzle  having  the  same  internal  arrangement,  though  with  the 
diameter  of  the  rotation  cavity,  c,  much  greater  in  comparison  with  that 
of  the  spout,  a,  a  disproportion  advisable  in  very  large  uozzles  of  this 
kind.  The  arrows  show  the  general  course  of  the  fluid  or  powder  blast, 
and  it  will  be  seen  that  the  ingoing  current  is  made  to  bend  around 
to  cut  through  itself  to  some  extent  in  order  to  get  out  through  the 
hole  at  8.  This  internal  colliding  on  the  intercepting  of  the  outgoing 
and  ingoing  parts  of  the  current  causes  the  two  to  cut  each  other  up 
into  a  fine  spray,  discharged  at  b.  It  is  prelerable  to  make  the  excnr- 
rent  hole  have  Ha  side  toward  x  depressed  lower  than  the  opposite  side. 

This  intersection  principle  we  have  already  seen  as  applied  in  slot- 
iiozzles  in  the  foregoing  pages  and  in  Plate  XVT.  The  conviction  of 
two  streams  outside  of  a  nozzle  we  have  already  noticed  in  Plate  XV, 
Fig.  6,  and  in  descriptions.  But  one  superiority  of  the  present  method 
over  these  is  very  evident.  The  discliarge  bole  being  single  may  have 
more  than  twice  the  capacity  of  either  one  of  the  pair  of  outlets  in  the 
others  referred  to,  hence  there  is  less  possibility  of  chokiug.  Because 
of  this  and  on  account  of  one  current  stopping  the  other,  half  of  the  time 
with  a  rapid  succession  of  intervals,  the  outlet  can  be  twice  as  large  as 
if  it  threw  a  continuous  jet,  and  larger  still  because  the  jet  thrown  is  not 
a  solid  one,  bnt  already  broken  considersibly  before  passing  through  the 
outlet.  Thns,  sinceonly  a  fraction  of  the  capacity  of  this  bole  is  used  by 
tlio  volnme  of  liquid  thrown,  the  bole  may  be  two  or  more  times  larger 
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than  for  contiouous  solid  jets  with  tlie  spray  proctaced  exteraallf .  Clo^r 
glug  is  also  farther  relieved  by  the  iogoing  jet  being  forced  stronglj 
across  the  inner  face  of  the  outlet,  tending  to  carry  past  it  any  obstruct- 
ing matters,  to  keep  them  in  motion  iu  the  eddy  within,  as  alrcddy  ut>- 
ticed  with  the  slot-nozzles  having  interval  rotation.  And,  here  again,  as 
there,  a  projectile  or  a  body  whirling  ou  its  axis  may  be  ased  inside, 
operated  by  the  current  to  wipe  away  or  disintegrate  bodies,  which 
would  lodge  upon  the  oatlet. 

Xozzles  made  on  these  principles  can  be  applied  as  nose-pieces  to 
screw  onto  the  ends  of  blast- pipes,  and  dischaige  at  an  angle,  or  they 
miiy  be  formed  to  throw  the  spray  directly  aheud  in  the  direction  of  the 
pipe.  In  Plate  XXYI,  Fig.  i,  is  presented  a  plan-section  of  this  i>at- 
t«rn  iu  a  shape  it  may  possess  either  as  a  nose-piece  or  as  an  entire  nox> 
zle.  The  spout,  a,  is  purposely  made  very  short.  It  is  attached  tangeii- 
tiaily  to  the  shell  of  the  chamber,  c,  from  which, «,  is  the  discharge.  In 
the  chamber  a  partial  septum  or  wall  terminating  at  x  to  keep  the  fluid 
&om  entering  the  rotation -chamber,  until  it  is  conducted  around  to  whera 
it  will  sweep  across  the  iouer  face  of  the  outlet,  s.  This  septum  may  b* 
immediately  inside  the  outer  shell  or  inside  of  an  inuer  shell,  forming  a 
hollow  shutoff  plug  as  shown. 

These  whistle-jets  woric  well  on  blast  atomizers,  and  also  produce  a 
fair  spray  of  liquid,  but  for  the  latter  purpose  it  is  yet  uncertain  if  they 
can  be  made  to  [iroduce  a  spray  equal  in  Sneness  to  what  is  thrown  by 
the  trne  eddy-Jets  with  central  discharge. 

Eddy-jets  proP£B,  as  a  general  rule,  have  the  chamber  of  a  circular 
form,  and  the  jet-bole  ought  to  be  at  the  center  of  rotation,  which  may 
vary  in  some  instances  fh)m  the  center  of  the  nozzle.  The  supply-stream, 
X,  in  the  figures  already  seen,  naturally  crowds  the  eddying  mass  and 
its  center  of  rotation  somewhat  toward  the  side  opposite  the  inlet.  A 
swell  can  be  made  on  one  side  of  the  cbamtter,  as  shown  in  Plate  XXIV, 
Fig.  Z,  at  X,  to  throw  the  eul  ranc-e  of  the  supply-siream  outside  of  a  tan- 
gent to  the  true  circle  of  rotation,  which  is  bounded  by  the  body  of  tli* 
chamber,  but  the  advantages  from  this  are  not  so  great  as  to  prevent 
the  simpler  circular  form  from  being  most  generally  used. 

A  similar  feature  ap(>ears  iu  the  nozzle  shown  as  seen  from  above  and 
in  profile  in  Pkite  XXV,  Fig.  7.  The  chamber  has  a  spiral,  conoid  con- 
tour, resembling  the  form  of  a  cone-sliell,  but  with  a  central  apical  dis- 
diarge.  Thedotted  line  shows  the  iuwiudiugcourseof  the  basal  margin 
of  its  side,  which  leaves  a  tiifacial  inlet- passage  on  the  side,  x.  TU« 
spout,  a,  has  one  end  of  trifacial  shape,  and  of  a  size  to  fit  the  chamber, 
which  is  partlyinsertediuitseiid,  and  joined  to  it  in  the  line,  x—s.  The 
spray  produced  is  of  good  quality,  but  is  thrown  narrower  and  farther 
tiian,  yet  not  so  fine  as,  from  the  fiat-faced  chambers,  yevertheless, 
where  the  squirting  power  is  only  the  gravitation  from  an  elevated 
reservoir,  or  is  otherwise  limited,  cases  can  occur  where  the  given  pres- 
sore  does  not  give  or  throw  fine  spray  high  enough,  and  nozzles  of  this 
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form  may  be  nsed  to  eject  the  spray  higher.  Also,  the  AtDoel-shaped 
cavity  directs  any  choking  matt^rials  to  the  outlet,  rendering  it  more 
likely  to  clog  than  is  the  orifice  throngh  a  Hat  face.  The  top  or  base 
may  be  opened  by  a  lid,  plag,  or  cap  for  removing  foreign  objects  that 
obstroct.  The  constnictiou  and  plan  section  shown  at  Plate  XXT, 
Fig.  6,  ia  very  satisfactory.  The  spout,  a,  baa  the  asoal  eccentric  em- 
trance,  x,  into  the  conical  chamber,  c,  having  an  ontlet,  a,  and  being 
formed  iu  the  plug, «,  removable  fr<jm  the  cap,  c,  which  ia  fast  to  the  pipe, 
a.  Where  the  chamber  Is  conical,  the  more  its  altitude  exceeds  the 
diameter  of  its  base  the  more  coarsely,  farther,  and  narrowly  will  the 
spray  be  thrown,  and,  inversely,  the  more  the  basal  width  surpasses 
the  height  the  broader  and  finer  and  less  distant  will  the  spraydiscbarge, 
as  shown  by  my  experiments  with  a  scriea  of  these  forms.  Bounded 
convexity  oi'  concavity  of  the  discharge-face  does  not  give  to  the  spr^ 
any  Terj- marked  difference  from  that  derived  from  a  plane  face,  because 
the  part  immediately  bordering  on  the  ontlet  in  such  forms  is  almost 
flat.  Another  form  of  nozzle,  having  a  shallow  funnel-shaped  face  pro- 
jecting into  the  rotation  cavity,  seems  less  easily  clogged  than  either  of 
the  others. 

For  some  apparatuses  it  ia  desirable  to  have  nozzles  discharging  at  odd 
angles,  or  with  direct  discharge,  and  often  with  aoUd  jet  combinations ; 
hence,  some  of  those  which  have  been  made  for  such  purposes  will  be 
described. 

When  it  is  desured  to  use  a  single  large  spray  prqjected  straight  away 
(mm  the  person  holding  the  nozzle,  the  device  given  in  Plate  XXVI,  Fig. 
1,  is  satisfactory.  It  is  an  eddy-chamber  with  a  handle,  and  represented 
in  section.  The  incnrrent  spout,  a,  connects  with  a  hose,  and  opens  by 
the  osoal  tangential  hole,  x,  into  the  chamber,  e,  which  is  composed  of 
the  hollow  plug,  e,  and  the  separate  discharge-fiiee,  /,  held  upon  the  open 
end  of  the  plug  by  the  cap,  c',  from  which  the  crown  is  cut  out  so  as  to 
leave  only  a  narrow  border  to  bind  down  the  face-plate.  This  plate  is 
removable,  and  others,  with  ontleta  of  difTerent  sizes,  are  substitative 
for  it,  to  get  sprays  of  all  sizes  desired.  The  outlet  here  shows  lips  of 
a  form  deserving  special  attention.  It  ia  seen  to  have  a  bugle-ahaped 
increasing  expansion,  by  which  a  broader  spray  can  be  made  than  by  a 
straight  cut  liole,  as  explained  above.  The  base,  or  ping  has  its  center 
perforated  by  a  largo  screw  on  the  handle,  v,  and  which  can  have  its  end 
screwed  toward  or  against  the  ontlet  to  limit  the  volame  thrown,  or  en- 
tirely close  the  outlet,  and  thus  serve  as  a  shut^fif  plug- 

In  the  examples  ao  far  given  we  have  observed  the  inlet  spout  inser- 
ted parallel  to  the  plane  of  the  face  or  base  of  the  nozzle,  but  it  is  some- 
times advantageous  to  insert  it  at  an  angle  with  this  plane  and  either 
on  the  face  or  base  or  periphery.  Plate  XXIY,  Fig.  4,  shows  one  with 
the  spout  inclined  diagonally  upward  from  the  outer  part  of  the  face. 
This  spout  prolonged  makes  a  very  convenient  long  handle  for  holding 
a  single  nozzje  so  as  to  discharge  vertically  beneath  plants. 
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When  the  spout  is  similarly  attached  on  the  hase,  asiii  Plato  XXrV, 
E^g.  5,  the  spray  is  directed  off  from  the  person  holding  it,  which  may 
be  preferable  for  broadcaat  spraying. 

The  nozzles  so  far  described  can  be  used  independently  or  as  noac- 
piecea  on  solid-jet  hose-pipes  or  other  spouts.  In  Plate  XXY,  Fig.  5,  a 
represents  a  common  solid-jet  hose-pipe  with  an  eddy-chamber  screwed  on 
as  detachable  nose-piece.  In  such  cases  it  is  well  to  have  a  nib  on  the  side 
of  the  pipe,  onto  which  to  screw  and  carry  the  end  piece  when  the  solid 
Jet  is  in  use.  The  nose-piece  with  aide  discharge  will  generally  be  pre- 
ferred, since  it  can  be  also  osed  for  nnderspraying  or  as  a  fountain  jel^ 
as  well  as  for  broadcast  work.  For  these  reasons,  also  on  account  of  its 
simplicity  and  freedom  ftom  choking,  and  because  it  makes  with  any 
given  pressare  a  finer  spray,  it  can  be  recommended  as  superior  to  all 
the  other  spray-combinations  in  solid  Jet  nozzles.  In  case  such  an  eddy- 
chamber  nose-pieeo  with  direct  discharge  be  desired  for  any  purpose  it 
is  supplied  lu  what  I  call  the  double-cone  nozzle  or  double-chamber  nozzle 
shown  in  Plate  XXXIX,  Fig.  2,/.  Its  internal  construction  is  similar 
to  what  is  shown  in  Plate  XXVI,  Fig.  2,  and  described  below,  but  with- 
out the  adjustability  which  is  not  needed  in  a  nose-piece  since  the  hose- 
pipe has  a  shut-off  ping.  Another  point  worth  attention  is  that  these 
nose-pieces  can  be  used  witboat  a  sotid-jet  nozzle  by  inserting  the  short 
inlet-tube  in  the  end  of  a  piece  of  hose  and  applying  a  simple  wire  wrap. 

Examples  of  other  methods  of  combining  rotary  spray  chambers  with 
the  solid-jet  hose-pipes  should  be  noticed.  In  Plato  XXYI,  Fig.  3,  is  a 
longitudinal  section  of  a  solid-jet  pipe,  a  j,  with  a  shut-off  plug,  ft.  The 
passage  n  through  tlie  plug  stands  now  at  right  angles  to  the  pipe  and 
shuts  off  the  solid  jet,  but  it  may  be  seen  that  the  wall  of  the  plug  is  cut 
away  at  {,  opposite  oneend  of  the  hole,  tt,  to  form  an  escen  trie  inlet,  t,  from 
a  to  n  and  to  the  interior  of  the  plug,  which  is  a  hollow  tubular  shell, 
fh>m  end  to  end.  The  lower  end  of  the  plug  is  closed  and  held  by  the 
flcrew-plug  c,  but  the  upper  end  has  the  eccentric  tangential  passage  x 
into  the  eddy-jet  chamber,  forming  its  head  orthnmb  jiiece  and  serving 
as  a  spraying  device.  This  chamber  has  the  coustruction  already  de- 
scribed, with  its  spray,*,  operating  in  the  direction  of  the  solid  jet  when 
the  latter  is  closed.  The  water  from  the  spout,  n,  entei-s  tungeutially 
tliTOugh  the  passage,  (,  and  rotating  Inside  of  the  hollow  plug,  b,  ascends 
through  the  tangential  inlet,x,  to  rotate  in  the  chamber,  c,  and  discharges 
as  a  spray  fVt)m  the  outlet,  t.  When  a  spray  is  not  wauled  the  hollow 
plug  of  the  eddy-chamber  is  turned  a  little,  so  that  the  inlet,  x,  does  not 
coincide  with  its  mate,  the  shell-iulet.  Another  shift  sometimes  of  ad- 
vantage is  made  thus:  The  solid  plug,  c,  and  the  hollow  ping,/,  being  of 
the  same  size,  are  interchangeable,  so  that  the  latter  may  be  used  to  throw 
from  the  base  of  the  plug  and  at  right  augles  to  the  pipe  a  spray  for 
spraying  the nnder  surfaces  of  plunts,  or  snch  that  it  can  be  set  upward 
Anywhere  as  a  fountain.    This  gives  a  better  spray  thiin  that  from  the 


.Goo<^lc 


CSMTKIFnaAL  NOZZLES  219 

t4^  of  the  plog,  sinee  the  latter  has  more  crooks  in  its  supply  passage 
and  henee  requires  more  force  to  produce  the  same  effect. 

The  following  throv  both  kinds  of  Jets,  but  have  no  right-aDgle  dis- 
charge. The  adjustable  paits  of  one,  involving  an  eddj-jet,  are  shown 
in  Plate  XXVI,  Fig.  2.  The  eddy-chamber,  e,  is  without  ao  immediate 
spoat,  bat  has  an  inwiuding,  peripheral  wait,  leaving  the  inlet,  x,  and  a 
much  depreaeed  side  fh>m  ^  to  &  Its  discharge  is  at «,  and  on  its  oppo- 
site axis  may  he  fixed  a  packing  and  shnt-off  plat«,  j.  There  are  several 
variations  in  the  construotioD  of  this  whole  arrangement',  bat,  as  shown 
here,  the  eddy-chamber  is  really  a  spiral  septnm,  and  its  side  toward  s 
has  no  waU  but  that  of  the  outer  cap,  c,  against  which  it  is  held  by  the 
water-pressare  upon  its  base,  j.  Tbns  it  is  inclosed  in  another  chamber 
formed  by  the  cap,  c,  hanugacorretiponding  discharge,  and  beng  screwed 
upon  the  hollow  plug,  e,  which  has  a  central  inlet,  a.  The  inner  rim  of 
this  plag  is  shown  to  have  projections  which  hook  upon  corresponding 
processes  of  tfae  basal  margin  of  the  eddy-chamber,  o.  The  opposite 
passages,  a  nnd  8,  match  each  other,  as  do  the  two  opposite  screw-sock- 
ets, WW'.  These  parts  being  the  same,  they  are  reversible,  so  that 
either  end  may  be  used  in  turn  as  inlet  or  discharge.  When  w  is  osed 
as  a  hose-socket  s  is  the  spray-outlet,  or  a  solid-jet  pipe  may  be  screwed 
into  the  socket,  «'.  And,,  inversely,  «'  may  serve  for  a  socket,  while 
tfae  jet  is  thrown  from  the  opposite  end.  In  this  case  the  internal 
rim-projectioua  should  interlock  inversely. 

The  operation  of  this  device  may  be  explained  as  follows :  Sapposing 
the  wateris  injected  at  a,  it  passes  across  through  the  inlet,  :c,  to  eddy  in  the 
chamber,  o,  and  discharges  as  a  spray,  at  8.  Screwing  the  cap,  &,  farther 
oo  the  part,  e,  the  eddy-chamber  and  its  base  piece,  j,  are  pressed  toward 
or  against  the  Inlet,  a,  as  a  shut-off,  to  dose  it  and  stop  the  jet  entirely 
or  lessen  its  volaroe  to  any  degree  desired.  On  tfae  other  band,  screw- 
ingoff  the  cap,  </,  antil  the  faoe,8,  is  carried  away  from  the  hanging  cham- 
ber, c,  the  water  takes  the  less  circuitona  course,  jes,  across  the  onb- 
aide  of  the  eddy-chamber,  and,  withont  whirling,  issues  as  a  solid  jet 
By  another  arrangement  in  the  same  nozzle  the  solid  jet  is  passed 
straight  through  the  center  of  the  base  of  the  eddy-septum  at  j;  but 
many  details  cannot  be  described  here.  .The  inlet  passage  being  simple 
and  of  good  size,  there  is  little  susceptibility  to  choking  in  the  nozzles 
described  above,  and  the  parts  are  separable,  so  as  to  be  easily  accessible 
for  cleaning  out.  A  cheaper  construction  for  this  nozzle  can  be  had  by 
using  can-Bcrcw  caps  and  the  other  parts  all  of  sheet-metal.  All  the 
effiect«  are  about  the  same  except  the  shut-off  adjustment,  which  for 
force-pnmp  nozzles  is  nsually  not  needed. 

There  are  also  other  modificatioos  and  combinations  of  the  eddy- 
chamber,  but  I  have  noticed  enough  for  the  purposes  of  this  report. 

FlSTULAB. — Several  Fiatular  Spray-nozzles,  known  as  hose-pipes  or 
barrel  nozzles,  that  may  alternately  produce  both  kinds  of  jet  from  the 
same  barrel,  have  been  patented,  bat  the  fhct  is  that  the  attempts  to 
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combine  a  spray  anil  solid  jet  in  ttie  same  nozzle  have  resnited  in  con- 
structioDii  which  are  iiyariouB  to  one  or  both  of  the  Jets;  yet  it  may  'be 
well  to  notice  briefly  what  haa  been  done. 

One  of  the  simplest  barrel  nozzles  for  spray  and  aohd  jet  combined 
was  patented  (So.  29994)  Jauuary  31, 1860,  by  Mr.  N^.  Hotz.  The  bar- 
rel is  of  two  segments  joiDed  by  a  pipenat  allowing  the  rotation  of 
either  segment  apoo  its  own  axis  and  independent  of  the  other.  TbB 
ends  are  both  closed  at  tbeir  jtmctare,  each  having  a  diaphragm  diereat 
perforated  by  two  corresponding  holes.  Tbe  proximal  septum  is  pre- 
ferably of  leather.  When  the  parts  are  tamed  so  that  tbe  holes  are  ex- 
actly saiterposed  one  apon  the  other  the  liqaid  passes  throngh  in  two 
streams,  which  immediately  meet  to  form  a  solid  jet;  bat  when  these 
holes  overlap  only  slightly  the  currents  through  them  are  rendered 
somewhat  diagonal,  and  they  join  to  form  a  spiral  stream  that  gradually 
disperses  as  a  spray  of  rather  coarse  quality.  When  turned  so  that  the 
holes  do  not  overlap  each  other  at  all,  the  passages  are  entirely  shut  off. 

A  hose-pipe  operating  on  tbe  same  prioclple  is  that  claimed  by  Mr. 
P.  O'Kei],  of  Kalamazoo  Village  and  County,  Michigan,  So.  219505,  Sep- 
tember 9, 1879. 

Messrs.  J.  Clifford  and  J.  Gielow  in  1877  (No.  191934),  Mr.  J.  Clifford' 
again  in  1880  (229521),  and  Messrs.  J.  H.  Johnson  and  F.  A.  Hoyer  in 
1881  (So.  237386),  all  of  Chicago,  III.,  patented  nozzles  having  some 
form  of  core  or  septum  movable  back  and  forth  to  shut  off  either  one 
or  both  of  the  two  kinds  of  jet.  The  water  is  diverted  around  this  core 
to  enter  the  barrel,  which  discharges  it  as  a  spray  or  solid  jet.  Two  or 
more  eccentric  inlets  to  the  barrel  introduce  in  it  tbe  rotation.  A  single 
iulet  would  be  preferable,  as  1  have  already  observed.  The  lack  of  a 
central  passage  through  the  core,  as  an  unobstructed  way  for  the  solid 
jet,  is  au  obstacle  to  both  jets,  but  mostly  to  tbe  solid.  A  nozzle  hav- 
ing this  same  objection  and  a  single  crooked  passage  for  both  jets  was 
patented  by  Mr.  W.  M.  Clarke,  of  Newark,  N.  J.,  in  1881  (No.  248555), 
which,  as  now  made,  is  illostrated  in  longitadinal  sectioDin  Plate  XXVI, 
Fig.  5.  Tbe  piece,  n,  tarns  snugly  in  the  shell, «,  and  is  held  therein 
and  prolonged  by  the  piece,  w.  There  is  no  direct  passage,  but  all  the 
water  mast  pass  around  the  septum,  j,  through  the  course,  xrx'.  The 
ends  of  this  arched  passage  are  shows  as  communicating  folly  with  the 
holes,  X  X.  In  this  position  a  solid  jet  passes  through ;  bat  when  the 
outer  shell  is  turned  so  that  the  holes  mentioned  only  coincide  by  one- 
half  their  area  or  less,  tbe  discharge  into  their  barrel,  t «,  is  eccentric, 
and  causes  a  rotary  spray  of  fair  quality,  the  volume  of  which  can  be 
graded  by  turning  farther  or  less. 

Most  rotary  spray-pipes  that  have  come  to  my  knowledge  use  a  cross 
plug.  Three  of  these,  one  patented  by  Mr.  J.  W.  McGaffey,  of  Chicago, 
111.,  in  1870  (No.  170753),  one  by  Mr.  J.  H.  Johnson,  of  Chicago,  in  1877 
(No.  198515),  and  another  by  Mr.  J.  W.  Gray,  of  Hartford,  Conn.,  in 
1878  (No.  203539),  have  a  so-called  "  3- way  plug,'*  having  a  large  bole 
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for  the  solid  Jet  and  two  amaller  ones  with  crooked  pasBages,  which 
condnot  the  water  into  the  barrel  in  sach  an  eccentric  manner  as  to 
cause  rotation  and  a  resnltant  spray.  ~  The  narrow  crooked  passages 
are  easily  clogged  and  not  readily  cleaned  except  in  the  case  of  the 
one  last  mentioned,  which  is  pictured  in  section  in  Plate  XXVI,  Fig. 
6.  The  plog  hole,  o,  directly  connects  the  hose  passage,  a,  with  the 
barrel,  i — a,  except  when  turned  in  the  position  shown,  where  the  spiral 
grooves,  e  e,  give  the  eccentric  spray  streams.  These  grooves  being 
cat  entirely  in  the  ping,  any  accnmnlations  lu  them  will  be  pnlled  ont 
vith  the  ping  when  It  is  removed  for  cleaning,  which  gives  some  ad' 
vaatage  over  the  others.  This  is  the  plan  of  the  so-called  "  Faery 
pipes"  which  are  now  for  sale  by  the  trade.  Mr.  John  Gielow,  of  Ghi- 
ct^o.  III.,  patented  in  1877  (So.  187123]  a  hose-nozzle  producing  the 
rotation  by  a  spiral  worm-passage  throngh  the  center  of  the  plag 
above  and  at  right  angles  to  its  smooth  bore,  which  does  not  appear  to 
have  any  special  advantages. 

Mr.  C.  B.  Hosford  patented  in  1881  (No.  237684)  a  hose-pipe  having 
beyond  the  plag  an  annular  stationai^  core  with  an  objectionably  com- 
plex, eccentric  conree  for  producing  rotation  and  choking. 

Spba.t-'WHEBLS. — Spray- wheels  form  a  group  of  very  different  cen- 
trifugal water-throwers  including  several  fonntain  jets  constructed  on 
the  principles  of  Barker's  mill  and  as  oblique-faced  spatter-wheels  all 
moved  by  the  force  of  the  Jet,  bnt  none  of  these  have  proved  of  prac- 
tical value  for  our  present  purposes. 

Allied  to  these  are  the  oentrifngal  machines  operated  by  power  and 
noticed  hereafter  as  brush-throwers,  whirling-reels,  fans,  and  toothed 
fans  in  the  groups  of  throwers  of  poison,  &o. 
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[put«  xxni.] 

In  this  section  I  present  some  resnl:^  of  my  study  and  esperimentation 
pertoining  to  tlie  use  of  rotary  brushes,  reels,  &c. 

The  sprinklers  and  dusters  in  this  gronp  are  driven  by  hand-power  or 
machinery,  and  thus  originate  the  motion  of  the  poison,  which  receives 
no  other  impulse.  These  should  not  be  oonfonuded  with  wheel -uozzles, 
among  oentrifiig^  nozzles,  where  the  motor  [K>ver  was  already  imparted 
to  the  poison  before  it  reached  the  wheel,  which,  instead  of  giving  mo- 
tion, only  somewhat  retards  and  deflects  that  of  the  poison,  and  this  by 
its  impact  operates  the  wheel  Horn  which  it  flies  off.  The  devices  here 
to  be  noticed  throw  the  poison  by  rotating  tubes,  reel  prongs,  bmshes, 
orreoesaes. 

Among  tJiese  the  bmsh-thiowMrs  promise  most.  They  are  not  so  lia- 
ble to  dog  as  are  the  oommon  sifters  and  many-punotored  sprinklers. 
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Tet  these  in  turn  are  aurpasted  by  the  bloKera  treated  in  the  following 
chapter. 

Rotated  orifices. — If  a  tnbe  supplied  with  water,  even  withoot 
watei  pressnre,  be  whirled,  the  centrifugal  force  will  caase  the  water  to 
Sow  through  i  t  and  fly  off  from  ita  diBtal  end  in  the  form  of  a  circnlar 
broadcast  spray.  The  devices  I  have  contrived  to  test  the  possibility 
of  utilizing  this  principle  show  tbat  it  can  be  used  for  coarse  sprinkliijg 
and  that  sprays  may  tliua  be  easily  thrown  25  or  30  feet  wide. 

Pbonged  reels. — When  liquid  is  allowed  to  flow  onto  the  axis  of  a 
group  of  radiating,  whirling  prongs  of  wireor  other  material,  a  centrifngnl 
action  appears  in  the  Huid  following  the  prongs  eansing  it  to  fly  off  troat 
their  extremities,  thus  prodncing  a  circular  shower.  As  sach  reels  and 
stiff  brushes  grade  into  each  other,  they  may  be  noticed  farther  under  the 
following  paragraph. 

BBusn  POisoN-THBOWEBB. — If  a  brosh  of  any  sort  l>e  sapplied  with 
fluid  or  dry  iwison,  and  its  bristles  be  sprung,  their  elastic  recoil  im- 
parts a  centrifugal  force  to  the  material  which  will  be  thrown  in  a  spray. 
Also  if  acylindriform  bmah,  or  one  of  any  other  shape,  be  rotated  rap- 
idly, the  centrifugal  force  will  disperse  the  poison  fed  to  it,  whether  the 
bristles  be  sprung  or  not.  Utiliziug  these  principles  some  machines 
have  been  constructed  which  promise  mnch,  and  will  t>e  described  here- 
after. The  following  kinds  cif  fiber  have  been  tested  to  get  their  rela- 
tive values  in  brushes  for  this  purpose:  1,  broom  corn;  2,  stoat  bristles ; 
3,  tampico;  4,  so-called  sea-root;  5,  spintered  woods;  6,  split  goose 
qnills;  7,  whalebone;  8,  coarse  hemp;  9,  wire. 

Any  of  these  answer  for  sprinkling  or  jiowdering  from  above,  uid, 
where  plants  are  very  low,  for  poisoning  from  beneath ;  bat  where  poison 
is  to  be  thrown  from  below  upwards  into  plants  as  tall  as  cotton,  the 
more  stiff  and  longer  fibers  answer  best  Broom-corn  proves  the  most 
satisfoctory  for  throwing  powder  on  account  of  itB  length,  strength, 
elasticity,  and  cheapness.  In  these  brashes  the  straws  or  bristles  should 
not  be  inserted  densely,  bat  ought  to  hare  plenty  of  room  to  fiez  and 
recoil  freely.  A  very  good  size  for  the  brash  is  7  inches  diameter  and 
4  or  G  inches  in  length. 

Very  s^out  hog-brlstles  work  well,  bat  are  almost  too  expensive.  They 
throw  a  finer  spray  than  broom-com,  but  not  so  far.  Also  the  moistnre 
destroys  their  stiffness  and  elasticity  more  than  that  of  the  com. 

Tampico  brashes  throw  powder  and  liquid  nicely,  bnt  the  fiber  is  not 
durable  enough.    It  loses  strength  and  breaks  off  or  wears  ont  too  soon. 

The  so-called  sea-root  brushes  work  only  tolerably  well.  The  mate- 
rial is  as  strong  as  broom-com  and  somewhat  similar  in  appearance,  bnt 
its  fiber  bas  not  the  length,  stiffness,  and  elasticity  of  the  latter. 

Qnllls  from  geese  or  other  fowls  will  also  answer.  They  shoald  be 
split  in  halves,  or  thirds,  or  quarters,  and  inserted  with  shellacked  pegs 
into  a  cylindrical  wooden  core  or  hub.  The  quilts  soitcn  greatly,  ttom 
being  w^t,  and  hence  lose  their  stiflhess  and  straigfatness  very  soon  if 
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split  very  slider.  Altogether,  they  cannot  be  regarded  as  equal  to 
the  better  materials  mentionecl  above. 

Whalebone  is  in  all  its  properties  similar  to  the  quills  and  far  too 
oostly  for  use. 

Coarse  hemp  from  untwisted  ropes  is  very  cheap,  and  thongh  mneh 
inferior  to  com  for  large  brashes  it  works  pretty  well  in  small  brushes 
and  will  probably  be  employed  in  them  to  a  considerable  extent 

Ordinary  broom  wires  {l"™  diameter)  amnged  sparsely  into  a  brash 
with  the  tips  aboot  1  inch  apart  throw  a  very  fine  spray. 

This  and  steel  wire  and  broom-corn  are  the  materials  which  now 
Mem  to  be  preferable  above  the  others  named  for  ase  in  these  brushes. 

Battan,  Wmboo,  and  splintered  woods  can  be  employed,  bat  they 
have  not  yet  been  found  very  satisfiiotory. 

As  a  rale  brashes  having  considerable  velocity  of  rotation  throw  a 
spray  better  and  farther  when  the  bristles  are  not  sprung.  If  the  bris- 
Ues  become  permanently  carved  from  being  continually  sprung  in  one 
direction  the  brash  may  be  tamed  end  for  end  to  reverse  the  bristles, 
and  then  when  rotated  in  the  same  direction  it  will  work  better  than 
ever.    Brashes  of  some  materials  often  need  to  be  changed  thus. 

Gylindriform  brashes  of  suitable  sbajw  are  made  and  sold  for  brush- 
ing horses  and  polishing  fine  metal  work  by  the  Stow  Flexible  Shaft 
Go.,  Nos.  1E>05  to  1609  Pennsylvania  avenue,  Philadelphia,  Pa.,  and  prob- 
ably by  others  also.  But  such  brushes  made  by  the  usual  process  of 
drawing  tafta  of  the  fibers  or  bristles  into  boles  in  a  hollow  core  «r  hub, 
which  is  afterward  plugged,  are  very  expensive  and  a  still  worse  feat- 
ure is  that  they  caunot  be  made  with  a  small  core. 

Small,  even  brashes,  with  symmetrical  form,  are  made  best  and  most 
economically,  as  in  Fig.2of  FLXXYII:  In  a  cylindrical  solid  core  turn 
out  deep  cir  cular  grooves  separated  by  narrow  rings  of  wood.  The 
fiber  is  looped  under  a  wire,  whichis  wrapped  tightly  in  each  groove, 
and  drawn  through  a  saw-cut  across  to  the  next  one,  &c.  The  brashes 
are  thns  made  in  the  simplest  uid  qaickest  manner,  and  the  price  is  a 
small  fiactioD  of  what  the  old-process  brushes  cost. 

Soft  brashes  for  cleaning  glasses,  pitchers,  &o.,  are  already  mann- 
faotared  on  the  similar  plan  of  drawing  bristles  into  spiral  grooves. 
But  by  this  method  the  ends  of  the  brush  cannot  be  made  square. 

The  bristles  of  the  brashes  sboald  be  very  sparse.  If  they  are  not 
&r  apart  the  water  is  lifted  and  thrown  in  masses  which  have  adhered 
between  them.  Also  the  greater  tbe  velocity  of  rotation  the  fewer 
mast  the  bristles  be.  When  qnite  high  motion  is  used,  a  very  few,  in- 
serted with  shdiacked  pegs  into  awl-holes  in  a  wooden  cylinder  will  ans- 
wer. Home-made  brashes  are  easily  conatracted  on  this  plan,  and  it 
is  an  easy  method  where  spring  wire  is  used  instead  of  flbw. 

The  rotating  brush  maybefed  with  liquid  by  allowing  itto  drip  firom  a 
■mall  tabe  onto  uther  the  periphery  or  axis  or  side ;  bat  asoally  the  most 
aatistiaotory  and  convenient  method  Is  to  supply  the  liquid  within  tbs 
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circntnference  od  the  ascending  side.  Tbe  objection  to  feeding  at  tbe 
center  is  that,  on  acconnt  of  graTitation,  tlie  spray  is  thrown  more  down- 
-ward  than  upward,  whereas  theascending  side  entirely  opposes  gravitft- 
tion,  and  throws  off  the  material  before  it  is  carried  aronnd  to  where 
gravity  can  pnll  it  off  downward. 

If  the  bmsh  be  rotated  in  a  cylindrical  trough  sapplied  with  the 
flaid,  the  latter  is  dipped  ont  and  thrown  in  too  great  volames,  unless 
the  qnantity  in  tbe  trongh  be  kept  at  jnst  saoh  depth  that  too  mach 
cannot  be  caaght  and  lifted.  To  keep  tbns  a  constant  shallow  sup- 
ply in  the  trough  it  may  be  fed  by  tbe  antomatic  drip  process,  anch  as 
IB  employed  in  antomatic  inkstands,  &c.  A  tnbo  from  an  air-tight 
liquid  reservoir  descends  into  the  trongh  near  to  its  bottom.  The 
height  of  thin  drip  orifice  gauges  the  depth  of  theliqnid;  fbrwhenenongb 
flows  to  submerge  this  outlet  nir  cannot  enter  it  to  press  the  liquid  ont, 
and  only  after  the  bmsb  has  thrown  out  enongh  to  lower  it  can  more 
air  enter  and  the  liquid  again  flow  to  the  same  level. 

This  process  is  a  little  more  difficult  and  complicated  than  the  tna 
drip  method,  in  which  the  trough  may  or  may  not  be  used.  In  the  latter 
method  tbe  amount  thrown  is  gauged  by  the  size  of  the  smallest  caliber 
of  the  feed  spout. 

Brushes  may  also  be  used  as  feeders  or  throwers  of  powder.  They 
may  be  nsed  on  sifters,  to  keep  their  small  passages  open  and  help  rattle 
the  powder  through  them.  Also  a  brash  may  be  worked  in  a  powder 
reservoir  or  hopper  to  feed  out  the  powder  upon  plants  or  into  a  blast 
fh>m  a  blower,  to  be  swept  thereby  to  the  gubstances  being  Injured  by 
insects. 

These  brushes  will  throw  powder  to  some  distnuce  and  in  an  excel- 
lently diffused  cloud,  but  quite  flue  powder,  like  flonr,  &c.,  cannot  be 
thrown  very  &r  through  the  air,  because  the  particles  are  so  small  as 
to  have  little  momentum,  and  soon  become  stopped  by  the  resistance  of 
the  atmosphere;  but  coarser  powders,  like  com  meal,  sand,  &o.,  are 
thrown  a  much  greater  distance  by  the  same  force.  Yet  in  either  case 
much  more  distance  can  be  attained  by  encaaing  the  rotary  brush,  or 
reel,  or  wheel,  in  sach  a  manner  that  it  may  act-  as  a.  blower,  and  throw 
a  blast  of  air  along  with  the  po  vder.  The  stronger  the  blast  the  farther 
the  powder  will  be  thrown,  and  the  coarser  the  powder  the  sooner  will 
it  fall.  In  these  respects  it  is  seen  that  the  threwer-discharge  is  the 
opposite  of  the  blower-discharge. 

Some  machines  involving  the  use  of  brushes  need  to  be  noticed  here. 
Plate  XXYII,  Fig.  1,  represents  in  plan  section  a  bmsh-machine  of  sim- 
ple construction,  and  illustrfttes  a  method  of  encasing  rotArybmshes  to  be 
fed  by  powder  or  liquid,  and  in  order  to  throw  the  same  by  the  elasticity 
of  their  bristles  springing  from  beneath  a  surface  against  which  they 
are  revolved. 

The  cylindriform  brash  d,  turns  (in  the  direction  indicated  by  the 
arrow)  in  a  trongh  open  on  the  side,  a,  and  bears  tiie  square  powder-can, 
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'  i*,  above.  The  bottom  of  tbe  can  is  perforated  like  a  grate  with  parallel 
Rlits,  throagb  whicli  tbe  bristles  act,  at  x,  to  feed  ont  the  powder  and  to 
carry  it  arouod  to  a,  where  they  spriDg  from  aader  the  catch,  o,  to  throw 
it  forth  in  aclood.  The  broader  the  slits  id  the  base  gf  the  hopper  the 
fnster  will  it  feed,  and  the  amonnC  to  be  used  can  be  gauged  by  their 
width,  which  will  vary  some  for  tbe  dififereut  kinds  or  mixtures  of  pow- 
der. The  base,  :r,  of  the  powder-can  or  hopper,  P,  may  be  attached  only 
at  one  side,  and  there  by  a  hinge,  so  that  the  brash,  in  rotating  agiunet 
it,  will  cause  it  to  shake,  and  thus  help  tbe  feeding  process.  Also  a  stiff 
part  may  be  added  to  the  brush,  or  its  axle,  to  jar  said  base  more  effect- 
nolly  at  each  rotatiou. 

These  devices  are  superior  to  perforated  sifters,  since  they  do  not 
clog,  while  they  throw  a  wider  cloud.  Also  they  may  be  used  to  throw 
powder  upward,  but  not  to  a  great  height,  for  in  this  respect  they  are 
inferior  to  tbe  blowers.  This  method  is,  however,  applicable  to  poison- 
ing cotton,  potato  vines,  &c.,  and  worthy  of  being  used  in  simple  and 
compound  machines.  Brashes  arranged  in  the  sume  way  will  throw  a 
spray  of  water,  which  may  be  fed  as  described  elsewhere.  The  most 
satisfactory  of  these  ways  is  to  have  it  drip  from  a  spout  without  the 
automatic  process. 

If  the  elasticity  of  the  fibers  is  to  be  used,  they  shonld  be  sparse  and 
tarn  slowly.  If  the  throwing  is  to  be  done  by  the  centrifugal  force 
arising  from  rotation  (which  does  better  than  by  the  elasticity),  the 
velocity  of  rotation  shonld  be  high  (1,000  revolutiona  per  minute  or 
more).  The  brushes  rotated  at  2,000  revolutions  per  minute  made  such 
a  breeze  that  powder  and  liquid  could  not  be  fed  onto  them  at  the  cir- 
cumference. This  was  remedied  by  a  circular  disk  of  sheet  metal  placed 
on  each  end  of  tbe  brush,  and  having  the  sane  diameter,  to  prevent  the  - 
air  fttim  feeding  into  tbe  brush  by  central  suction  at  the  ends.  Also, 
with  bigh  velocity,  the  flbers'sbould  beexceedingly  scattered  and  of  the 
atiffest  sort  By  this  method,  stiff  wires,  inserted  so  their  points  stand 
about  one  inch  apart|  form  a  reel,  which  works  better  than  the  corn- 
brushes. 

Mr.  L.  K.  Wisewell,  of  Ottawa,  Ontario,  Canada,  patented  a  brash 
roacbino  in  1878  (No.  211075),  and  which  is  Ulnsta'ated  in  Fig.  3  of  PL 
XXVII.  As  shown,  it  possesses  a  form  adapting  it  to  poisoning  potato- 
iur  ects ;  but  with  some  alterations  a  machine  on  similar  principles  might 
be  constructed  for  poisoning  cotton!  A  wheelbarrow  is  used  as  the 
motor  and  carrying  device.  The  friction  wheel,  i,  on  the  spring  arm, 
a,  is  held  against  the  si<1e  of  the  barrow  wheel,  being  rotated  thereby, 
and  communicates  its  motion  through  its  mandrel,/,  pnlley,J,  and  its 
belt,  k,  to  pnUey,  I,  and  its  axis,  o,  bearing  tbe  arms,  b  b,  which  act  sk 
s^thtors  to  beep  tbe  poison  mixed  in  the  tub-shaped  reservoir.  The 
liquid  fiows  out  through  a  cock,  q,  and  its  hose,  p,  into  the  semi  cylin- 
drical cups,  F.  lu  these  caps  are  the  rotary  brushes,  n,  made  to  whirl 
iiy  the  band,  it,  driven  by  a  rim  on  the  barrow  wheel.  The  whirling 
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brashes  tbro\r  the  poisoned  liquid  as  a  spray  from  the  caps.  I  have 
not  seen  the  operatioo  of  this  tnachiae,  bat  jadge  Irom  a  similar  device, 
iirrived  iit  iaditpendeatly  aud  experimented  with,  that  it  coDtaiDS  a 
principlo  winch  in  a  modified  form  will  be  of  some  valae  in  poisoning 
cotton- iosccts. 

The  following  statement  should  bo  appended  here.  In  speaking  of 
•he  means  of  applying  Paris  green  in  water  to  the  cotton  crops,  Dr. 
George  E.  Gillcspio,  of  Natchitoches,  La.,  reports: 

"The  mode  of  applying  it  difl'era  according  to  the  means  of  the  plnnter 
using  the  poison.  Many  persons  make  brooms  of  may  weed  (Anfhdni* 
€otula),  which  aro  handy  and  very  convenient;  others  ose  the  common 
garden  watering-pots.'' — Bull.  No.  3,  p.  12.^. 

KOTATED  EKCESSES. — These,  in  the  ends  or  sides  of  rotated  bodies, 
limy  be  nscd  to  throw  hquids  and  powders  in  a  centrifugal  manner. 
Where  sticb  devices  whirl  very  rapidly  it  is  difficnlt  to  feed  them  satis- 
fiictorily  upon  the  periphery,  and  I  fonnd  of  most  value  a  sheet-metal 
funnel  with  internal  radiating  septa.  This  is  i-otuted  rapidly  while  sup- 
plied inside  with  a  dripping  stream. 

After  dovising  aud  using  simple  apparatuses  to  test  the  spraying 
I>owers  of  rotary  throwers  of  the  various  kinds  noticed  in  thii  chapter, 
I  concluded  that  another  class  of  macliineB  was  superior,  and  hence 
stopped  the  stady  of  such  throwers  to  take  up  that  of  blowers,  vrbich 
follows. 

m.— BL0VEB8  OF  P0I8OH. 

Poisonous  gases,  vapors,  liquids  or  powders,  as  insecticides,  can  be 
appUed  by  means  of  various  blast-diachargiug  or  blowing  devices^  and 
examples  of  appanvtnses  for  snch  purposes  will  be  noticed  below, 

EOTAET  BLdWEES  OP  POISON. 
[Plates  XXVIT,  XXVIII,  XXIS.] 

In  order  to  show  the  efficiency  of  rotary  fans  for  blowing  poison  X 
tidsigned  several  different  styles,  including  simple  machines  to  be  worked 
l)y  hand,  as  well  as  a  compound  one  for  horse-power.  Most  of  thosa 
luade  and  tested  proved  successful. 

The  power  required  to  drive  one  of  these  fan-blowers  is  so  slight 
that  the  lightest  band-wheels  and  gears  will  answer,  and  when  oper- 
;»tedby  handonly  the  slightest  effort  is  necessary.  The  velocity  needed 
is  rapid,  yet  nut  eKceediugly  high,  bat  should  preferably  equal  on* 
thousand  revolutions  or  more  per  minute.  The  difficnlt  part  of  this 
problem  pertained  to  the  devising  of  a  practical  method  of  feeding 
IMJwder  or  fluid  by  a  regular  and  gauged  supply  in  small  quantity  into 
the  blast  in  the  eucasemeut  or  spouts  of  such  blovrers,  and  to  the  pro- 
duction of  suitable  distributors  to  deliver  the  laden  blast  upward  into 
the  plants  in  a  simple  and  efflcieut  manner.    With  reference  to  the  kind 
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of  material  to  bo  blown,  tbese  macbmes  may  be  noticed  iintler  twobeade; 
(1)  Rotary  fang  for  bfoKtvff  powders  and  (3)  Botary  fans  for  bloicing 
Jlnida. 

The  band-blowers  shown  in  Plate  XXVIII,  Fig.  1,  and  those  in  Plate 
XXVII,  FJfTs.  6  and  6,  have  proved  the  most  satisfactory  that  I  have 
devised.  Of  those  invented  by  others,  none  have  yet  proved  to  t>e  very 
[irncticnl  or  sncceesfal  for  field  usage.  My  experience  indicates  that 
the  oscillating  bellows  blowers,  with  the  Improvements  described  below, 
are  preferable  to  rotary  foos,  bnt  that  the  latter  may  yet  take  a  high 
rank. 

EoTABT  FANS  FOE  BLOWING  POTVDEK.— In  considering  these,  it 
mast  be  remembered  that  the  poisons  are  commonly  mixed  with  other 
powders  as  dilaents,  some  of  which,  as  floor  for  example,  refUse  to  flow 
readily,  and  pack  together  over  the  hopper  ontlet  to  clog  it.  so  that  au 
arrangement  for  feeding  these  more  difBcnlt  subatauces  as  well  as  the 
poisons  projier  is  necessary.  The  varioos  forms  of  hoppers  nsed  in  ma- 
chinery are  not  satisfiictory  for  the  slightly  adhesive  or  cohesive  sub- 
stances which  it  has  generally  been  fonnd  desirable  to  use.  If  a  hopper 
has  an  inclined  «r  horizontal  perforated  base,  even  with  a  very  large 
hole,  or  if  its  sides  are  noi  vertical,  bat  sloping, flonr  will  not  slide  down 
and  ont  in  a  steady  satisfactory  manner,  even  when  subjected  to  the 
ordinary  jolting  of  a  machine  hauled  upon  the  ground.  A  simple  hop- 
per that  I  have  contrived  for  dry  poisons  and  tbeir  mixtnres,  to  feed  any 
amonnt  desired,  and  to  do  it  regularly  without ctoggiug,  is  represented 
in  plan  sections  in  Plate  XXYIII,  Figs.  1,  2,  and  3. 

Id  these  Figs,  it  will  be  seen  tbat  the  hopper,  p,  is  represented  by 
a  hermetic  can  monn'ted  ou  the  blower-dmm,  d,  or  discharge  pipe,  i. 
The  top  is  closed  tight,  and  may  be  opened  by  the  large  screw-cap  or 
plag,  e,  or  by  a  large  tight-fltting  lid.  Its  sides  are  preferably  vertical, 
as  shown,  and  the  base  is  entirely  open,  as  at  x.  Beneath  the  open  base 
and  still  larger  than  the  same,  is  a  hanging  base  Or  roof,  b,  snspended  at 
its  ends  by  bolts,  eacb  throagb  a  short  tabe,  t,  and  with  a  thnmb-nnt 
above  by  which  to  elevate  or  lower  it.  Whetber  this  be  suspended  in 
the  upper  part  of  a  blower-drum  or  of  a  spout,  the  blast  can  act  at  its 
sides  and  above  it  along  the  slot-like  openings  where  the  powder  rests 
exposed.  The  mass  of  powder  and  its  hanging  base  can  be  set  deeper 
or  teas  deep  into  the  blast  passage,  thus  choking  it  more  or  leas  and 
increasing  or  diminishing  the  attritional  power  and  wearing  surface 
whence  the  blast  feeds  itself.  As  the  mass  of  powder  thus  tends  to  be- 
come undermined  more  and  more,  it  sinks  without  clogging  or  intermp- 
'  tion  down  onto  the  hanging  base,  which  may  be  flator  bent  throughout 
or  at  its  margins.  It  can  also  have  small  perforations,  slotted  or  other; 
bnt  the  simple  imperforate  plate  is  satisfactory  enough,  and  will  proba- 
bly prove  the  best  and  standard  form  to  use.  So  it  will  be  seen  that  by 
Betting  the  base  nearer  or  farther  from  the  pewder-blost  the  quantity 
may  be  ganged,  and  since  door  adheres  to  the  straight  metal  walls  of  the 
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Aopper  lesa  tban  it  does  to  flonr  while  its  periphery  is  unilonDined,  Um 
outside  of  the  colamo  of  poison  will  settle  dowD  best  to  where  the  blast 
can  feed  itself  therefVom.  Id  case  dry  poisous  or  mistares  that  are  not 
adhesive,  and  that  jar  through  the  small  oatlet  of  au  ordinary  hopiier  loo 
«er^fyare  to  beaeed,  their  Sow  maybe  regaUted  by  a  small  plate  adjnst- 
able  beneath  the  outlet  and  essentially  on  the  plan  described  above. 
In  sach  cases  it  Is  sometimes  preferable  to  moant  the  plate  on  a  single 
screw  or  support  opposite  and  working  throngh  the  blast  in  opposition 
to  the  small  outlet  of  the  hopper. 

Two  other  plans  for  hopper-supply  are  shown  in  Plate  XXVIII,  Figs. 
4  and  5.  These  also  do  not  allow  the  pow<ler  to  ;f  ravitate  directly  down- 
ward into  the  blast,/;  but  the  hopper,  P,  is  closed  tight  above  by  a  re- 
novable  screw-cap  and  narrows  downwardly.  The  jrawder  from  its 
tower  ])ari  has  to  be  acted  npon  laterally  by  the  l>iast,  at  the  point  •, 
in  Fig.  4,  and  downwardly  at  o,  in  Pig.  S,  where  the  hnpper-throal  cunres 
around  to  open  beneath.  In  either  of  these  cases  the  commnnicatioD, 
9,  of  the  blast  with  the  powder  may  be  mnch  elongated  and  can  be  sd 
juatably  opened  or  closed  by  a  slide-plate.  The  latter  or  the  wall  instead 
may  have  an  aica  of  many  perforations,  similarly  located,  or  a  slot  or 
4ots  for  such  powders  as  feed  too  strongly  by  other  methods.  These 
two  forms  of  hopper  I  do  not  find  so  satisfactory  for  flour  mixtures  as  are 
the  forma  with  adjnstable  base-slots  previously  noticed  for  feeding 
blasts. 

Finally,  it  shonld  be  added  that  powder  can  be  fed  by  introdociDg 
in  the  vent  of  the  hopper  a  moving  reel,  or  brush,  or  rod,  as  lias  been 
showu  in  other  machines,  but  these  add  complications  and  work  less 
satisfactorily  than  the  arrangement  presented  with  the  first  feeder  de- 
scribed above. 

The  blower  drum  or  casing  is  preferably  made  light-,  of  stout  zinc, 
brass  or  other  sheet-metiil.  It  need  not  be  over  a  foot  in  diameter,  and 
had  better  swell  gradually  in  the  direction  of  rotation  to  its  ex-cnrreot 
orifice,  as  in  Plate  XXVIII,  Fig.  1,  d,  although  the  true  cylindrical 
form  will  answer.  The  head  of  the  drum  on  one  or  on  both  afdes  should 
have  a  large  central  snction-opeuing  equal  to  one-third  or  one-half 
of  its  diameter  and  with  a  stiff  wire  rolled  in  its  margin.  For  making 
a  blast  through  only  one  or  tw«  pipes  the  dmm  should  be  very  abort 
with  the  heads  only  3  or  4  inches  apart.  This  distance  can  be  mnlti- 
plied  by  any  uamber  of  pipes  desired. 

Fil>e8  for  conducting  the  air  blasts  should  be  ronud,  smooth,  and 
bright.  Tin  salts  well  when  not  rusty,  hut  is  easily  bent,  unless  of 
heavy  grade.  Zinc  is  preferable,  if  not  acted  upon  by  corn^ve  chem-  • 
ioals,  as  it  does  not  mat  from  the  effects  of  atmosphere  and  moisture. 
Oilcloth  sponts  kept  expanded  by  a  spiral  of  wire  18  feet  long  proved 
flexible,  strong,  and  light,  but  too  rough.  Friction  destroys  the  blast 
of  the  ordinary  rotary  blower  very  quickly.  Crooks  should  also  be 
avoided,  and  are  much  more  otgectionable  in  pnenroatic  blasts  than  in 
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hydraulic  oarreuta.  If  positively  neceasary  tbey  shonl^  be  made  verj 
obtnse  and  gradaal,  preferal>ly  as  long,  smooth,  regular  carves..  Tb« 
saiuo  caatioD  applies  to  braachea  or  forka  iu  these  blast-pipes.  The 
blast  may  be  divided  to  fork,  as  indicated  in  Plate  XXVII,  Fiff.  4,  xm, 
aud  the  discharges  may  be  upward  or  provided  with  npward  defleoton 
at  their  termioatious.  Forks,  if  long,  should  be  flexible,  yieldiug  so  as 
not  to  hang  too  badly  ou  the  plants ;  but  the  double  deflectors  oaa 
be  very  abort  aud  rigid.  The  defiectore  may  also  be  used  to  spread 
direct  or  divide  the  single  blast.  For  these  pnrposes  various  patterns 
and  carves  may  be  employed,  anoh  as  are  shown  in  Plate  XIX,  Figs.  I, 
2,  and  3,  desoribed  above.  The  forms  in  Plate  XIX,  Figs.  1  aud  2, 
aie  tlie  most  satisfactory  I  have  been  able  to  device  for  use  on  these 
rotary  blowers.  Their  applieatiou  is  illustrated  in  machines  presented 
in  Plate  XXYII,  Figs.  4aud  S,;«.  Thus  the  single  blast  discharged  be- 
tween a  pair  of  rows  is  divided  and  spread  laterally  and  upwards  t* 
supply  both  the  rows.  By  bending  the  wings  of  such  deflectors  or  set- 
ting tliem  at  varions  angles  the  discharge  can  be  directed  down  or  up, 
or  wherever  desired.  It  is  also  important  that  the  deflecting  surfaces 
be  kept  bright.* 

Light  &QS  may  be  made  of  sheet  metal  soldered  to  a  wire  reel  or  sim- 
ply to  ou  axle  having  each  end  hnug  In  a  strip  of  metal  attached  across 
the  head.  The  axle  bears  a  small  gear  or  pulley  J  to  I  iucb  iu  diameter, 
,  driven  frova  a  gear  or  band  wheel  having  uix  times  the  diameter,  and 
bearing  a  small  hand-crank  three  inches  long,  by  which  the  necessary 
velocity  in  small  hand  machines  is  easily  attained.  Thus  the  fans  are 
easily  operated,  reqairing  only  the  slightest  amount  of  force  if  all  the 
snr&ces  work  smoothly  and  loosely  as  tbuy  ought.  These  parts  are 
iudicated  in  some  of  the  flgnres  which  may  be  separately  noticed.  la 
Plate  XXVIII,  Fig.  1,  o  is  the  crank,  e  the  drive-gear,  and  n  its  small 
driven  gear  upon  the  fan-axis,  which  ia  hung  iu  the  support,  r.  The 
radiating  fans  whirl  in  thedmmorca&e,d(/,  sucking  at  a,  and  discharg- 
ing through  the  tangential  exit  spout,  ss,  upon  which  (a  the  powder-can, 
pcy  instead  of  a  hopper,  and  having  a  hanging  base,  b,  adjustable  ia 
the  spout,  88,  by  the  screws,  tt,  as  desciibed.  In  Fig.  3  is  a  [.lain  sec- 
tion having  like  parts  similurly  indicated,  the  distinctive  featnre  be- 
ing that  the  bottomless  powder-can,  j>ar,  is  mounted  upon  the  drum,  ia 
which  the  shelf,  b,  hangs.  This  plan  of  constmction  is  embodied  ia 
the  machine  of  Plate  XXYII,  Fig,  5.  It  works  well  snd  may  yet  super- 
cede the  plan  of  joining  the  powder  holders  with  the  pipes.  The  latter 
machine  is  suspended  against  the  side  by  a  loop  over  the  shoulder. 
The  gearing  is  the  same  as  that  noticed  above,  but  the  spout  is  directed 
downward  to  the  ground  and  backward,  bearing  a  double  deflector  to 
supply  the  two  rows  between  which  the  bearer  wnlks.  The  pipe  may 
bang  or  drag  and  can  be  of  any  suitable  length.  When  the  person  is 
walking  the  poison  may  generally  be  freed  verj'  close  behind  liim,  as 
the  blast'  of  the  machine  should  direct  it  somewhat  backward  and  with 
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foree  enongh  to  overcome  light  breezes.  If  greater  distance  ia  desired 
additional  segmei^ts  may  be  inserted.  These  are  easily  k^ed  together 
by  a  wire  liangiog  inserted  throogb  the  joints.  By  removing  the 
crooked  segment  or  reversing  it,  the  same  implement  may  be  need  to 
deliver  in  advance  of  the  person  or  in  a  downward,  horizontal,  or  upward 
direction  with  a  singlo  or  doable  cloud.  This  rotary  blower  can  be 
combined  with  a  wheeled  cnltivator  and  be  operated  thereby.  Also  a 
seiies  of  sach  blast^spouts  supplied  fh>m  as  many  blowers,  more  econom- 
ically from  a  single  blower  of  large  capacity,  can  be  combined  to  foi  m  a 
compoond  machine. 

In  Plate  XXYII,  Fig.  4,  is  one  of  these  compound  machines  which  I 
devised  for  use  with  a  single  horse  and  t^  supply  six  rows  or  two  rows 
and  two  half-rows  as  desired.  It  may  yet  prove  pmctical  to  use  a 
greater  number  of  spouts  and  supply  a  larger  number  of  rows  at  each 
drive ;  bat  my  experience  has  only  shown  that  three  such  aponts  can 
be  practically  nsed.  This  machine  was  tested  at  Ithaca,  K.  T.,  and 
afterwards  tried  in  the  cotton  near  Atlanta,  Oa.  The  thin  tin  of  such 
a  machine  is  apt  to  get  bent  unless  very  carefully  managed.  Stout 
sheet  metal  should  be  used  for  the  drum  especially.  Afauy  dents  in  the 
pipes  have  not  proved  seriously  objectionable.  The  whole  is  mounted 
on  an  A-shaped  fr^me,  nz,  having  three  wheeled  legs,  Itt,  and  is  drawn 
by  the  shafts  or  whiffletree  in  front.  The  two  lateral  arms  of  the  frame, 
z,  can  be  set  wider  or  nearer  apart  upon  the  cross-bar,  «,  to  suit  wider 
or  narrower  rowiuterspacea.  Each  hind  leg  is  a  stout  sectitn  of  iron 
gas-pipe  (1^  inches),  screwed  or  welded  to  au  iron  plate  on  its  top, 
which  is  bolted  to  the  frame.  Its  lower  hollow  extremity  is  muuuted 
on  a  swivel-pin,  having  au  elbow  extonsion  backward  to  its  wheel. 
These  swivel  wheels  are  intended  to  prevent  side-draft  strain,  and 
are  especially  of  vtdiie  in  turning.  They  need  not  be  large  or  strong, 
as  the  hind  parts  of  the  muohine  have  little  weight.  The  front  leg  t 
is  an  arch  of  iron  (3  by  i  inch),  bolted  above,  beneath  the  apex  of  the 
frame.  Thus  it  is  really  a  doable  leg  37^  inches  long.  To  the  sides  are 
fastened  bars,  k,  extending  forward  to  support  the  whifdetree,  while 
to  the  lower  extremities  are  boxed  the  ends  of  the  revolving  axle  of  the 
draft-wheel,  w,  and  its  large  drive-gear,  u.  These  wheels  are  respect* 
ively  30  inches  and  16  inches  in  diameter.  The  latter  drives  a  small 
{3-inch)  pinion  on  Oie  axle  of  the  large  (L4-iuch)  band-wheel  j.  These 
are  on  opposite  aides  of  one  leg,  to  which  their  axle  ia  boxed.  The  band 
is  of  very  soft,  light  leather,  and  wliirls  the  small  (J-inch)  pulley  o  with 
the  fans  on  its  axis  in  the  drum.  The  ends  of  the  casing  are  bilged  to ' 
give  stiffness,  and  its  outside  should  be  annularly  ribbed  or  otherwise 
stiffened  or  encased  for  protection.  The  targe  powtler-can  upon  it  is 
closed  hermetically  by  a  tight  cap  or  cork.  The  tbi-ee-way  <Uscbarge 
must  be  somewhat  downwards,  and  the  pipes  should  slope  down  more 
and  more  as  they  advance.  It  is  best  to  give  them  a  projectile  curve. 
This  is  for  the  pnrtH>8e  of  keeping  the  powder  toward  the  upper  part  of 
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the  blast  and  to  prevent  it  from  depositiug  in  the  pipes,  which  should 
tcrmiDa.te  near  the  groand  in  the  manner  already  described.  The  me- 
dian pipe  descends  immediately,  but  the  two  lateral  ones  are  attached 
along  the  sides  of  the  frame  and  to  the  bind  legs,  behind  which  they 
terminate,  aa  shown.  Snob  a  machine  is  very  light,  and  a  mnle  or  even 
a  man  can  poU  it  easily.  ■  The  velocity  of  rotation  will  vaiy  from  800 
to  2,000  revolntions  yer  minute,  accoi'diog  to  the  speed  wi^  which  it 
is  hauled. 

"The  following  is  a  machine,  invented  by  Mr.  Charles  T.  Hurd,  of  Vic- 
toria, Tex.  {Patent  No.  145&49,  December  30, 1873).  It  is  intended  to  be 
attacji«d  to  a  cultivator  or  similar  machine,  and  is  drawn  over  one  row 
of  plants  at  a  time.  It  consists  of  a  fan,  or  blower,  inclosed  in  a  cylin- 
drical casing,  and  conjoined  with  a  box  containing  the  poison.  The  pow- 
der is  scattered  over  the  plants  by  means  of  a  vibrating  wire  or  cloth 
sieve  at  the  bottom  of  the  box,  and  at  the  same  time  converted  into  a 
clond  of  dust  by  a  cnrrent  of  air  created  by  the  Ikn  already  mentioned, 
and  which  ia  operated  by  a  pulley  or  band  rnnning  ftt>m  the  axle  of  the 
blower  to  i\  wheel  on  the  supporting  axle  of  the  cnltivator. 

"  la  Plato  XXIX,  Fi|;.  1  ropKseiita  a  secliounl  elevation  of  Che  apparataa  aa  attoabed 
tu  n  cultivator,  eliowiag  one  end  of  Hie  box  A  partly  broken  away ;  Fig.  2,  a  pbin 
view,  with  a,  part  of  tbe  blonur-box  reinoTed  ;  Fig.  3,  a  leai  view  of  tba  blower-box 
■nd  powder-box  aa  attaobed  to  ibe  cnltivator  atlea. 

"A  repreeeola  an  oblong  box,  taperiDg  to  tbe  bottom,  which  caotaina  tbe  powdered 
poiaon,  baving  a  flap  or  door,  /,  on  its  top,  and  opening  at  said  bottoin  onto  a  wire 
KTecDorcloUi,  b,  Tonniiig&onieiiilloenit  oftbebox,  wbicb  screen  is  oscillated  lengtb- 
wiae  and  acroaa  the  row  of  plants  b^  a  lever,  d,  pWoted  «d  one  aide  of  the  box  A,  and 
FDgkged  at  the  other  end  ugaiast  a  rotating  cam,  e,  upon  the  axle  of  tbe  blower  B. 
A  spring,  1,  keeps  tbe  lever  engaged  witb  face  of  the  com.  Tbe  blower  B  is  coi)flDt»d 
alongside  of  tbe  box  A  in  a  cylindrical  cnaing,  B',  of  a  oorainoD  fbrni,  and  Is  monnted 
•u  a  boriaontal  axle,  g,  which  ends  in  a  pulley,  h,  oppoelte  to  another  pulley,  1,  upon 
the  supporting  axle  nt  of  tbe  cultivator. 

"The  box  A  and  the  blower-box  form  one  whole  box,  and  is  supported  at  either  end 
by  arms  k  k,  wbicb  are  centered  npon  the  said  aupporting  axles  m  m,  for  the  purpose 
of  allowing  tbe  box  A  to  be  raised  or  lowered  in  the  application  of  tbe  powder.  A 
ratchet  or  brace,  u,  for  this  purpose  extends  from  the  box  A  to  a  oonvenieat  part  of 
the  cultivator.  The  oriilce  r  of  tbe  blower-box  opens  parallel  with  or  close  alongside 
of  tbe  oscillating  screen  b,  so  that  the  air  current  catches  and  directs  tbe  powder 
against  the  plants  as  it  ia  shaken  through  the  screen  iroui  the  powder-box. 

"To  confine  tbe  powder  to  tbe  plants  and  vicinity,  side  gna ids  or  hoods  G  E,  of  sheet 
metal  or  light  wood,  ae  sfaown  by  tbe  dott«d  lines,  may  be  advantageonsly  employed, 
and  be  attached  to  tbe  supports  kkoi  other  convenient  part  or  place. 

"A  seat  may  also  be  attached  to  the  arch  ]>  or  beams  D  D  of  the  ooltlTatur  for  the 
nae  of  the  driver." 

"  It  is  evident  that  this  apparatus  neither  saves  material  to  any  great 
extent  nor  time  in  tbe  application  of  the  poison,  since  only  one  row  of 
plants  is  dusted  at  a  time.  The  only  possible  advantage  it  can  have  is 
in  so  distributing  the  poison  in  a  fine  dust  that  it  attaches  to  the  under 
side  as  well  as  to  the  upper  side  of  ^e  leaves" ;  yet  this  is  not  efi^cted 
so  well  as  it  will  be  done  by  machines  discharging  the  powder  blast  in 
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an  npward  direction.    Tbe  method  of  feedtug  tUe  powder  to  the  blast 
looka  as  though  it  cannot  prove  satisfactory. 

"  Some  suggestions  made  by  the  iuventor  as  to  the  use  of  bis  machin« 
for  applying  vapor  and  fine  spray  of  liqaid  poison  will  be  fonnd  men- 
tioned further  on,"  • 

HoTARY  BLOWERS  OF  LIQUID. — Iq  endeavoring  to  produce  rotar; 
fans  for  blowing  poison  fiuids  the  most  difflcalt  part  of  the  problem 
pertains  to  fee<ling  tbem  to  tbe  blast.  Since  a  blower  will  throw  oat 
any  amonnt  of  fluid  that  is  allowed  to  dow  In,  and  this  as  fast  as  it 
enters,  the  quantity  admitted  must  be  limited  to  only  so  much  as  will 
make  a  spray  of  the  quality  and  size  desired.  Also,  tbeleas  fluid  th« 
finer  and  farther  will  it  be  blown,  and  if  the  supply  is  too  great  iC  will 
be  dipped  out  or  splashed  in  great  raapses  or  very  large  drops,  which 
are  not  thrown  fur  but  wasted.  To  regulate  or  control  this  three  meth- 
ods prove  applicable.  Tbe  fir»t  is  by  means  of  a  rotary  brush,  as  al- 
ready set  forth  in  speaking  of  brash  sprays.  The  second  consists  in 
reducing  the  orifice  of  the  feed-pipe  from  the  reservoir  to  such  siz* 
that  it  will  conduct  jast  so  much  as  is  desired  and  no  more;  that  is,  by 
means  of  a  Bliutoff  device  or  a  small  drip,  by  which  the  water  enter* 
tbe  drum  above  so  as  to  fall  upon  tbe  revolving  fans,  or  at  some  other 
point  to  accumulate  in  tbe  bottom  of  the  drum  and  be  dipped  up  by 
them.  The  third  principle  is  that  employed  in  automatic  inkstands, 
but  applied  on  a  larger  scale.  The  reservoir  is  air-tight,  closed  by  a 
can-screw  or  ping.  Its  outlet  is  near  its  base,  nod  extends  throagh  a 
tube  leading  into  the  bottom  of  tbe  drum,  where  the  fluid  can  flow  in 
only  jnst  deep  enough  to  shut  off  the  entering  of  air  into  that  end  of 
the  tube,  while  air  will  be  admitted  and  the  fluid  pass  out  only  so  fast 
as  tbe  latter  is  lifted  out  by  the  fauA. 

To  prevent  each  fan  from  scooping  np  too  much,  also  to  divide  the 
water  mechanically  and  ventilate  it  thoroughly,  the  dipping  ends  should 
be  provided  with  long  comb-like  teeth.  The  best  resulta  are  secured 
by  bcudiug  each  alteruate  tooth  forward  or  backward  at  its  base,  thus, 
to  make  a  double  row,  and  then  bend  forwar  1  nearly  at  a  right  angl* 
the  distal  half  of  each  of  all  the  teeth.  This  arrangement  of  the  teeth 
is  shown  in  Plate  XXVII,  Fig.  G,  i,  and  is  explained  below. 

The  fans,  by  their  rotation,  give  tbe  fluid  a  tangential  momentum, 
bnt  the  air  current  is  a  very  important  element,  as  I  have  showu  by 
using  toothed  reels  without  fans  on  them.  They  are  only  eqnivaleut  to 
rotary  brushes^  which  ore  here  surpassed  by  introducing  the  superaddeil 
blowing  power  of  the  fans. 

The  outlet  ttom  the  drum  sbould  be  large.  In  case  it  be  low  down 
upon  tbe  side,  many  drops  wilt  fall  from  or  near  it  and  the  water  may 

*Tr>  BToid  mTioh  repetition  of  rofirenca  to  BulletiD  3,  U.  S.  EDtomotoRlc&l  Com- 
mission, tbe  SiBt  edition  of  tbie  work,  Pror.  Barnard's  credit-refereiiGes  lo'eaid 
Bulletin  are  omitted,  w>  tbat  all  quoted  tnntter,  nnlvss  otherwise  credited,  is  taken 
therefrom.— C.  V.  R. 
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slop  oat  sllgbtlf.  To  prevent  ttuB  a  tiollow  lip  may  be  added,  as  ia 
Fig.  6,  to  catob  the  loirer  part  of  the  spray  and  allow  it  to  flow  back. 

Id  the  figure  just  cited  this  arraugemeDt,  h,  and  the  dram  d  are  Bhowu 
ID  section.  The  Bpray-discharge  being  at  «,  the  heavier  part  of  tbe 
spray  is  lowest,  and  passes  into  the  hollow  lip,  k,  thence  flowing  down- 
ward to  re-enter  the  base  of  the  drum  at  x,  where  the  constant  depth 
of  water  is  indicated  by  horizontal  broken  lines,  and  zshows  the  water- 
iulet,  above  which  the  water  cannot  rise  in  the  dmm.  At/ is  sboirn 
the  i>ecaliarity  of  oiie  of  the  fans.  Its  end,  t,  is  seen  to  be  provided 
with  teeth  or  hooks,  which  alteraate  in  two  tows,  and  eacb  has  its  dis- 
tal half  bent  forward  at  right  angles  to  the  fan.  These  cut  through 
the  liquid,  allowing  the  blast  to  enter  it,  and  they  also  eat  up,  splash, 
and  carry  some  of  the  liquid  which  is  blown  out  at «  by  the  blast  from 
the  face,/,  x^asaing  outward  throagb  these  teeth  or  hooks. 

A  single  dmu)  may  have  two  outlets,  one  near  each  end,  and  so  tbrow 
two  sprays  at  difTerent  angles ;  but  the  outlet  farthest  in  the  direction 
of  rotation  should  be  much  the  largest,  to  give  an  equal  spt-ay,  as  shown 
in  one  blower,  which  1  planned  for  this  purpose. 

Unfortunately,  my  experience  shows  that  a  rotary-blower  blast  carry- 
ing a  flaid  spray  cannot  well  be  divided,  or  have  its  direction  changed, 
by  pipesor  deflectors,  I^ecause  its  impact  against  any  surface  that  would 
alter  its  coarse  condenses  the  spray  there,  so  that  it  is  left  from  the 
blast  and  flows  down. 

It  is  easy  to  use  these  machines  for  sprinkling  in  a  horizontal  direc- 
tion or  from  above,  but  to  throw  up  underneath  the  foliage  of  low  plants 
they  must  be  carried  very  close  to  the  ground. 

There  are  various  ways  of  comeying  and  operating  these  blowers,  and 
tbe  following  machine  will  serve  as'an  example: 

Mr.  D.  E.  Darnell,  of  Uasonville,  Burlington  County,  Kew  Jersey, 
has  lately  obtained  a  patent,  No.  254804,  March  14,  1882,  on  a  rotary- 
biowcr  ajiparatus,  for  distributing  insect  poison  and  fertilizers,  that 
merits  attention  in  this  connection.  It  appears  in  Plate  XXVlIIjPigs, 
6  and  7,  and  consists  of  a  barrel,  a,  rotary  agitator,  c,  a  rotary  blower, 
n,  with  a  belt,  s,  and  train  of  gears,/,  c,  k,j,  driven  by  the  rotary  axle, 
d,  of  a  pair  of  wheels  that  carry  the  whole  machine,  which  is  drawn  by 
one  horse  in  shafts.  By  a  clutch  the  main  wheels  are  released  from 
driving  the  gears  to  throw  the  apparatus  out  of  action. 

It  may  be  seen  that  tbe  reservoir  has  the  arrangement  of  a  common 
horizontal  barrel-churn,  and  the  rotary  dasher,  o,  Inside  is  driven  by 
cog-wheels,/,*.  The  gear,/,  also  comninuicates  through  gear,  j,  its  axle, 
t,  tbe  pulley,  7,  and  band,«,  to  drive  the  rotary  fans  of  the  blower,  n.  A 
supply-tube,  (,  leads  from  the  reservoir  to  the  blower-case,  which  it  en- 
ters at  the  horizon  of  its  axle.  A  cock,  t,  adjusted  by  tbe  crank  seen 
behind,  regalates  the  outflow.  The  blower  is  so  hung  by  the  parts  |),  }, 
r,  that  its  discharge-pipe,  Fig.  7,  n,  may  be  thereby  directed  somewhat 
up  or  down  or  laterally.    JSo  new  principle  in  the  blower  proper  seemi 


.,gle 


234     BEPOBT  4,  UNITED  STATES  ENTOUOLOQICAL   COMUISSIOM. 

to  be  iodicated.  Tbe  novelty  appears  to  consists  chiefly  in  the  ad- 
justable arraugemeut  of  tbe  bloiver,  and  in  its  means  of  combinatiou 
with  the  barrel,  agitator,  and  carriage  wheels. 

"  Mr.  Charles  T.  Hurd,  of  Victoria,  Tex.,  whose  machine  for  dustiag 
has  been  described  and  figured  on  Plate  XXIX,  Figs.  1,  2,  and  ;t,  sug- 
gests in  his  claim  that  by  changing  tbe  oscillating  screen  b  and  insert- 
ing a  perforated  bottom  iu  the  hox  A,  atid  charging  the  same  with 
I>oi80iioas  liqaid,  tbe  latter  may  be  atomized  by  tho  carrent  of  air  orig- 
inated by  tbe  blower,  and  thus  applied  to  the  i  ow  of  plants  over  whicb 
the  apparatus  is  drawn." 

This  is  virtually  the  combination  of  a  rotary  blower  with  a  many-pnnct- 
nred  spriukler,  and  the  recognized  faults  of  tbe  latter  have  been  already 
given  in  discussing  the  disadvantages  oC  many- punctured  nozzles  from 
their  clogging,  &c.  The  blasts  from  rotary  blowers  are  not  intense 
enough  to  be  valuable  for  atomizing.  From  the  uonstrnction  shown  in 
this  machine  it  is  evident  that  the  spray  &om  the  [>erforated  screen 
would  be  carried  by  tbe  blast,  but  not  that  the  blast  would  atomize  it 
finely;  also,  tbe  downward  course  of  tbe  spray  is  not  suited  for  reach- 
ing the  under  surfaces  of  the  foliage. 

"  Finally,  in  this  connection,  it  is  well  to  state  that  Mr.  Hurd  sug- 
gests that  with  some  slight  change  his  machine  can  be  converted  into 
a  vaporizer,  so  as  to  throw  a  jet  of  poisonous  vapor  on  the  plants. 

"Another  rotary-blast  vaporizer  "was  invented  by  Dr.  M.  Peri,  of 
Houston,  Tex.  (Patent  No.  91,365,  June  15, 1869),  for  the  purpose  of  de- 
stroying tbe  worms  by  means  of  sulphur  vapor,  and  consists,  in  tbe 
main,  of  a  gas-generator,  which  is  placed  on  a  cart,  intended  to  bo  drawn 
between  two  rows  of  cotton,  and  provided  with  a  firebox  and  a  blower 
worked  by  means  of  a  i>ulley. 

"  Tbe  accompanying  diagrams,  Plate  XXIX,  Fig.  i,  represent  this  ma- 
chine, the  upper  figure  being  a  vertical  section  and  the  lower  a  sida 
elevation. 

"Upon  the  nagoo  A  is  placed  tlie  gas  generator  B,  conaiitlng  of  &  fire-box,  e,  aepft- 
rated  from  lower  part  of  the  gentirator  by  a  concavo-coDvox  bottom  o*. 

"To  the  npper  uhamber  D  of  t lie  generator  isnttadtedoneendof  thebloirer  orbcl. 
Iowa  E.     Tbia  bullowa  is  provided  with  a  kbaft,  d,  npon  which  sre  aeouted  metxl 

"  On  one  end  of  the  abaft  d  ia  attached  the  cog-nboel  e,  gearing  into  the  cog-wheel 
«',  Bccnred  to  the  naxon  wheel  O.  TheotheroD<lof  the  shaft  ia  provided  with  acrank, 
/,  which  ia  attached  to  upper  end  of  pitman  i,  the  lower  end  of  this  pitman  being  at- 
tached to  tho  pedal  A,  aecnred  to  pendants  k'  h',  attached  t«  the  under  aide  of  the  axle- 
tree  H.  Q"  ia  a  hose,  with  a  perforated  nozzle,  n,  aud  atop-oock,  a,  which  ia  attached 
to  the  lop  of  the  gas-generator.     H  ia  the  chimney. 

*'  The  inacbiuo  can  he  operated,  when  in  motion  or  atationary,  in  the  following  mao- 

"A  fire  ia  made  in  the  flre-boz  c,  and  a  certain  quantity  of  sulphur  is  placed  in  the 
giA-geuerator  B,  in  order  to  form  sulphnreons  gaa.  The  blower  E  is  eet  ih  operation, 
when  in  motion,  by  the  cog-wheels  «  e",  and,  when  stationary,  by  detaching  the  cog- 
wheel a*  and  attaching  it  to  tbe  crank/. 

"  The  action  of  the  blower  or  bellowa  will  not  only  furnish  anfficicnt  air  in  forming 
•nlpbnreouB  gas,  bnt  It  will  also  force  the  gas  through  tlie  hose  to  any  dvsired  point. 


OSCILLATING  BLOWERS.  235 

"Aside  of  the  circumstaDce  that  only  two  rows  of  cotton  are  sapplied 
at  ouce  with  vapor,  it  is  very  doabtAil  whether  the  worms  are  killed  by 
Bulphar  Taper  Id  the  open  air,  jadgiog  from  its  effects  on  other  iosects 
when  not  cod  fined." 

Until  some  kiud  of  vapor  that  ia  practically  effective  for  appHcatiOD 
in  the  open  air  becomes  discovered,  it  will  not  be  worth  while  to  occapy 
time  and  space  with  rapor-machines  for  such  purposes. 

FoBOB  BLASX  BOTABY  BLOWEBE)  are  made  for  forges,  &c.,  bat  none 
has  been  found  cheap  enough  and  otherwise  adapted  for  poiaoning- 
machinea.  Should  such  be  made,  they  would  probably  supersede  the 
ordinary  rotary  fan  blowers,  and,  perhaps,  the  osciUatiug  bellows. 

OSCILLATmO-  BELLOWS  BLOWEBB  OF  POISON. 
[Plates  SXX  to  XXXV.] 
Id  consideriDg  this  groop  of  blowers  the  more  important  general  re- 
sults of  my  study  and  practical  experience  with  tliem  will  be  presented 
at  once  and  thereafter  deacriptious  of  a  few  of  the  machines.  The  word- 
Itellows  is  sometimes  applied  to  rotary  fans  and  to  reciprocative  piston 
blowers;  but  the  commou  oacillatiug  leather  bellows  of  our  forges  are 
examples  of  the  kind  to  be  specially  noticed  in  this  subsection.  These 
are  much  more  powerful  instruments  than  the  rotary  fans  for  blowing 
powder  into  the  state  of  finely  diffused  clouds,  or  for  blowing  liquids 
into  atomized  sprays,  while  they  can  also  be  used  to  produce  an  air- 
pressure  in  tight. reservoirs'to  force  out  the  liquid  contained,  whereby 
aintilizable  sqnirtiog  power  is  afforded,  bat  almost  uo  pressure  at  all 
can  be  produced  with  the  rotary  blowers.  Also,  these  are  generally 
preferable  to  the  latter,  because  less  costly,  less  complicated,  and  re- 
quiring little  velocity,  while  they  allow  almost  no  waste  of  energy  in  their 
ot>eration,  are  light,  and  their  blast  can  be  condncted  great  distances 
through  very  small  tubing,  much  less  cumbrons  than  the  large  spoutB 
of  the  rotary  blowers. 

Those  specially  interested  Id  blowing  poison  should  read  carefully 
what  follows  with  reference  to  the  figures  of  PUtes  XXXI,  XXXm, 
and  XXXIV. 

A  main  drawback  to  these  bellows  has  been  in  the  difficulty  of  con- 
structing them  to  endure  expoaure  to  the  wetness  of  field-work,  but 
this  matter  ia  entirely  corrected  in  the  strong,  cheap  bellows  here  rec- 
ommeoded. 

These  have  the  heads  of  wood  or  sheet-metal  and  about  equal  and 
rounded  in  outline,  while  each  has  a  groove  in  its  periphery,  iuto  which 
the  stout  leather  is  drawn  tightly  by  thick  nealod  wire.  Thus  the  leather 
is  held  mechanically  without  needing  paste,  glue,  or  nails,  and  the  bellows 
is  constmcted  more  atrongly,  quickly,  and  cheaply.  The  heads  are  pre- 
ferably of  metal,  as  wood  is  apt  to  cause  leakage  from  shrinking  or 
cracks.  There  is  do  seam  in  the  leather,  which  ouly  overlaps  broadly, 
making  it  of  double  thickness  to  act  as  a  hinge  on  one  side  where  the 
two  heads  of  the  bellows  come  together.    The  incnrrent  orifice  and  valve 
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may  be  iniide  as  asnal.  This  on  tbe  excnrreDt  orifice  may  be  through 
either  bead  of  the  bellows)  the  latter  preferably  toward  the  poison  rps- 
ervoir.  Across  either  bead  may  be  added  a  cleat,  which  also  can  be 
hollow,  with  a  discharge  or  auctioD  passage,  and  may  extend  beyond  the 
l>ellow8  as  a  spoat  or  handle.  A  reacting  spring  to  expand  or  open  the 
bellows  can  be  placed  Inside,  or  else  outside  between  the  projecting  eada 
of  the  cleats,  spoats,  or  handles.  Some  varieties  of  these  beIlov», 
methods  of  operating  them,  and  ways  in  which  tbey  are  susceptible  of 
being  combined  with  nozzlej^,  reservoirs,  &c.,  will  be  particalarJy  noticed 
ill  the  special  apparatuses  to  be  described. 

OscnxATiNG  Blowi:bs  of  Powdek.— Instead  of  tbe  various  hop- 
pers, which  generally  allow  the  poison  to  escape  beneath  the  cover,  or 
l>errait  moisture  to  enter  there  when  the  plants  are  wet  or  in  case  of 
rain,  it  is  better  to  employawater-tightciin,  closed  by  a  large  can-screw 
cap  or  plug.  The  can  may  be  of  any  convenient  size  or  shape,  and 
any  other  ordinary  reservoir,  as  atlght  keg  or  barrel  with  alargebungf 
can  be  used  in  its  stead. 

Tbe  device  to  supply  the  blast  with  powder  must  be  certain  to  feed 
continuously  and  adjustable  to  apply  as  much  or  little  as  may  be 
desired,  yet  not  capable  of  clogging.  To  produce  such  an  effectual 
arrangement  for  feeding  minimum  qnantities  of  poison  mixed  with 
materials  which  pack  and  clog  easily,  like  flour,  for  example,  was  diffi- 
cnlt,  and  for  a  long  time  threatened  to  be  an  ini possibility ;  but  the  prin- 
ciples already  noticed  above  apply  here,  and  their  employment  in  these 
devices  is  descnlied  below;  bi'.titmastbe  remembered  that  the  blastof 
the  rotary  blower  is  large  and  weak,  while  that  of  the  oscillating  blower 
is  small  and  intense,  so  some  adaptive  modification  is  advisable. 

A  blast  with  an  independent  passage  for  itself  is  made  to  feed  itself 
by  the  attrition  of  its  lateral  parts  or  by  a  side  blast.  Thnsthe  blaitt 
forceisulilized  to  cut  out  and  carry  the  powder  from  the  mass  where  it  is 
exposed  for  an  area  extended  by  a  slot  or  a  group  of  openings  through 
the  segmental  or  interrupted  wall  twtween  the  blast  passage  proper  and 
tbe  reservoir  which  adjoins  or  surrounds  it.  Thus  a  reliable  positive 
feeding  force  is  directed  and  controlled  without  depending  solely  ou 
gravitation  or  ou  ordinary  mechanical  feeding  devices,  which  will  not 
feed  regularly  in  minimum  quantities.  This  kind  of  apparatus  works 
freely  and  the  direct  unimpeded  blast  throws  the  powder  a  good  dis- 
tance, The  blast  thus  acts  to  open  the  narrow  feeding  entrances.  At 
the  same  time  a  passage  to  deliver  a  part  of  the  blast  or  another  blast 
simultaoeouHly  above  the  poison  to  produce  a  pressure  downward  upon 
it  assists  gravitation,  but  is  not  necessarily  employed,  for,  especially' 
where  tbe  bulk  of  the  poison  is  small,  the  air  will  alternately  and  in- 
termittingly  force  up  through  the  poison,  opposing  gravity,  and  then 
react  downward,  assisting  it.  For  flour  mixtures  the  feediug  is  done 
pretty  well  by  passing  the  blast  tube  through  the  base  of  the  powder- 
cau,  therein  providing  the  tube  with  numerous  boles  having  one-eightb 


.glc 


OSCILLATlIfO  BLOWEBS  OF  POWBEBS.  237 

of  an  inch  diameter  OQ  top  of  the  tabe,  oae-foarth  on  tbe  sides,  and 
thtee^ightha  on  tbe  nnder  eide.  'Wliere  tbe  powder  ]b  of  less  adbesJTe 
character  tbe  oatlets  sboald  be  reduced  in  size  and  nnmber.  These 
boles  shoald  be  crowded  close  together,  and  a  slot  seems  preferable  to 
a  row  of  snch  holes.  In  any  of  these  cases  a  part  of  the  blast  in  pass- 
ing shonld  he  deflected  ont  or  crswded  oat  strongly  against  or  into 
the  powder  by  some  device  for  directing  it,  or  for  choking  the  main 
Itassage  to  crowd  tbe  blast  tberefttim.  Where  a  series  of  holes  is  nsed, 
tbe  part  of  the  blast  which  is  forced  ontthrongb  the  proximal  holes  wiM 
Iiass  through  the  powder  along  the  ontside  of  the  tube  to  beyond  tbe 
deflecting  device  or  obstraction,  when  it  will  re  enter  through  the  distal 
boles  into  the  blast  passage  again  and  this  outside  portion  of  tbe  blast 
operates  upon  the  powder  to  feed-in  a  part  of  it  into  the  excnrrent  tract 
of  the  main  passage,  that  can  communicate  to  and  through  an  exten- 
sion tabe  beyond,  which  should  preferably  branch,  leading  beneath  two 
or  more  pairs  of  rows,  for  tbe  blast  may  be  condncted  through  the  same 
small  pipes  that  are  used  fur  water  in  squirting-machiues.  The  ontside 
blast  in  the  can  naturally  follows  the  surface  of  tbe  tube,  and  thus  feeds 
out  a  thin  layer  from  along  its  snr&ee  without  catching  and  carrying 
large  lamps  or  masses  to  clog  its  passages  which  lead  back  into  the 
tube.  Also  on  account  of  tbe  blast  approaching  these  holes  at  an  angle, 
nearly  a  right  angle,  and  thoe  entering  them  very  obliquely,  changing 
its  direction  to  do  so,  clogging  is  leas  possible,  and  there  is  a  strong 
tendency  to  disintegrate  lamps  agaiost  tbe  distal  edge  of  the  hole. 
Further,  in  case  the  more  proximate  exit-hole  or  holes,  which  the  blast 
naturally  passes  out  through  at  first,  should  become  clogged,  it  has  tbe 
Alternative  of  several  others,  and  by  thns  playing  from  one  hole  to  an- 
other and  across  the  clogged  bole  to  reach  the  open  one  beyond,  any 
clogging  lump  or  mass  is  gradually  disintegrated,  reopening  any  one 
of  the  ways  which  may  have  become  clogged. 

The  device  for  causing  partia]  obstruction  of  the  blast-passage  may 
be  permanent,  bat  should  preferably  be  adjustable  at  will,  to  crowd  or 
deflect  off  throagh  the  powder  a  greater  or  less  part  of  the  blast;  for 
the  laifier  the  obstructions  the  more  of  the  blast  is  diverted  and  the 
greater  tbe  amoant  of  powder  it  feeds  oat,  and  vice  vena.  A  damper, 
gate,  cock,  ping,  or  auy  other  shot-off  device  may  be  used. 

When  the  powder  blaat  is  directed  through  small  more  or  less  brauch- 
mfi  tabes  their  t^winal  spray-nozzles  are  removed,  and  side  holes,  up-, 
ward-carved  ends  of  pipe  or  deflectors  may  be  sabstitnted.  The  blast 
of  powder  from  these  generates  in  the  atmosphere  vortical  rotations, 
which  spread,  mix^  and  diffnse  the  discharged  powder  into  a  cload 
large  enough  to  supply  a  single  row,  which  is  all  that  is  needed  in  pow- 
dering firom  beneath.  When  desired  the  powder  jets  may  be  expanded 
more  broadly  by  usiag  very  wide-mouthed  eddy-chamber  jets,  aud  may 
be  divided  into  foi\  ed  Jets  by  tlouble  deflectors  made  on  the  plans  shown 
in  Figs.  1  and  2  of  PI.  XIX. 
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The  tubing  for  cooducting  the  blast  mast  of  neceRsity  be  small  au4l 
diminiBh  its  capacity  one-half  beyond  each  fork,  otherwise  the  re]o<;ity 
will  check  and  some  of  the  {wn-der  will  be  thereby  allowed  to  deposit 
and  accomulate  inside,  occasionally  to  be  thrown  sat  irregnlarly  when 
jarred  into  the  blast  To  prevent  snch  accumnlations  any  shaking  or 
jarring  in  the  machine  will  be  beneficial,  and  if  thetnbes  always  proceed 
in  a  somewhat  downward  coarse  gravitation  will  assist. 

On  this  i>l)in  is  coustincted  the  most  practical  bellows  apparatus  yet 
invented  for  iioisouing  fields.  There  is  no  possibility  of  moisture  ini- 
pairing  the  working  of  the  bellows  or  reaching  the  powder  in  the  tight 
can,  clogging  is  less  possible,  mid  the  powder  may  be  supplied  iu  mini- 
mum qnautities  beneath  scvenil  rows. 

It  is  now  necessary  to  describe  some  machines  embracing  the  prio- 
ciplea  above  set  forth,  and  also,  thereafter,  a  few  devices  invented  for 
similar  purposes  by  others. 

In  Plate  XXXIII,  Fig.  1,  appears  one  of  the  bellows,  v,  recommended 
above,  aa  hung  apoo  the  end,  c,  of  a  cart  or  wagon,  to  be  operated  by 
the  wheel,  w,  and  to  blow  poison  from  the  can,  p,  through  a  system  of 
distributing  pipes  carried  on  a  frame,  which  has  its  {MUt,  a,  supported 
and  coHveytd  by  connection  with  the  cart  The  cleat  of  one  head  6f  the 
beliowM  is  attached  at  points,  o  c,  by  hanging  hooks  or  clamp-screws  or 
otherwise.  Between  the  two  projecting  ends  of  the  cleats  is  a  spring, 
«,  to  open  the  bellows.  This  may  be  plueed  inside,  but;  ^hen  sttuateil 
externally  can  l>e  more  easily  repaired  if  necessary.  A  ratchet,  I,  is 
liiuged  opposite  the  hind  wheel  at  the  attachment,  g,  to  play  apon  the 
spokes  and  operate  the  bellows  by  communication  of  the  rotl,  r,  and  by 
the  reacting  spring,  t.  The  blastAabe  passes  through  a  valve,  o,  to  pre- 
vt.'ttt  the  poison  powder  or  fluid  ftom  being  sucked  backed  into  the  bel- 
lows. Beyond  this  the  tube  extends  tbrongh  the  basal  portion  of  the 
powder^;an,  p,  after  which  it  connects  with  the  branching  system  of  dis- 
tributing tubes  extending  to  beneath  the  plants. 

This  is  a  vorj  simple  motor  arrangement  for  operating  the  bellow.s. 
The  same  principle  may  be  used  with  the  bellows  in  ottier  positionn, 
and  it  can  be  so  set  with  reference  to  the  wheel  that  its  arm,  x,  shall 
act  as  the  ratchet,  or  jiawl,  upon  the  spokes,  whereby  the  othei'  piirts 
will  not  be  needed.  Also  for  giving  or  communicating  the  motion  to 
operate  the  bellows  any  of  the  more  complex  mechanisms  used  for  giv- 
ing reciprocating  or  oscillating  movement  may  be  employed,  as,  for  in- 
stance, those  for  working  pumps  in  the  other  machines  described  iu  thin 
report. 

Tbe  reservoir  and  its  device  for  feeding  the  poisQU  to  the  blast  may 
be  adapted  for  flnid  or  for  powder-poison  as  desired,  the  same  blowing 
apparatus  answering  for  either. 

A  simple  bellows-blower  may  be  combined  with  any  implement  drawn 
in  the  field,  as  a  plow  or  cultivator,  and  so  become  operated  by  the 
liorse  without  effort  on  the  part  of  the  plowman,  as  ahown  in  Plate 
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XXXIV,  The  base  of  tlie  bellows  is  clamped  fast  to  tbe  plot*,  while 
its  foce,  V,  is  ttee  to  be  movi'd.  A  spring  inside  the  bellows  distends  it. 
The  cleat  on  its  head  exteiida  us  an  arm,  x,  which  is  connected  with 
the  plowman's  foot,  preferably  by  a  jointed  rod  of  stout  wire,  n.  A 
double  loop  aboat  tbe  heel  and  instep  forms  a  comfortable  and  secure 
attachment  to  the  rod,  and  has  a  weak  part  strong  enough  to  work  the 
bellows,  but  not  with  sufficient  strength  to  drag  the  plowman  in  case 
of  a  ruuaway  accident.  When  the  foot  ia  advanced  the  section  of  the 
rod  next  to  It  falls  to  a  horizontal  position,  while  the  second  section 
Kwiugs  forward  as  a  peodnlam.  Tbe  length  is  snch  that  during  tbe 
moment  while  tbe  person's  weight  ia  resting  on  the  foot  the  advancing 
plow  causes  a  pull  on  it,  aud  thereby  a  puff  from  the  bellows,  the  pull 
beiug  made  by  the  horse  only.  A  series  of  such  puffs  succeed  each 
other,  one  occurring  each  time  tbe  foot  is  planted.  Tbe  discharge  from 
the  bellows  sweeps  through  the  short  pipe,  A,  is  fed  by  poison  in  the 
reservoir,  p,  and  conducted  through  the  pipe,  t,  which  has  a  f  exile  part, 
z,  and  behind  the  plowman  an  outlet,  a,  dicects  it  from  below  diagonally 
upward  into  tbe  row.  Tbe  puffs,  which  occur  at  intervals  of  about  two 
feet  ai>art,  spread  so  broad  as  to  overlap,  aud  thus  ftU  all  parts  of  the 
row  witb  the  poison.  As  sliown,  one  part  of  the  pipe  near  its  end  may 
drag  upon  the  ground.  Instead  of  this  a  pair  of  branch  pix>es  may  be 
nsed  to  supply  two  rows. 

A  similar  bellows  apparatus,  to  be  carried  by  a  person,  ia  shown  in 
Plate  XXXm,  Fig.  2.  The  can,  p,  is  bung  upon  the  ba£k  by  a  loop 
passing  over  the  ahoolder.  The  hand-bellows,  v,  may  be  operated  be- 
tween the  bands,  or,  if  it  is  suspended  beneath  the  arm-pit,  by  one  arm. 
Its  blast-tube  exteuds  through  the  base  of  the  can  as  a  feed-pipe,  and 
so  communicates  with  the  pendent  or  trailing  branched  pipe,  ig  s,  sup- 
plying two  rows  as  shown. 

Instead  of  the  pendent  pipe  a  pair  ot  hanging  branched  pipes  can  be 
coDnecte<l  with  the  main  blast,  and  thus  the  apparatus  is  enlarged  for 
poisoning  four  rows  at  a  time. 

A  person  can  use  this  arrangement  on  horseback.  Biding  down  one 
middle  the  branched  pipes  hang  between  the  two  adjacent  middles, 
supplying  two  rows  on  t'ach  side.  For  thia  purpose  the  hanging  tubes 
must  be  elongated  and  flexible. 

In  Plate  XXXI,  Figs.  1,  2,  3,  i,  and  S,  is  represented  a  very  small 
hand-blower,  which  may  be  uned  where  the  worms  appear  in  small 
patches.  It  consists  of  tbe  band-bellows,  «,  discharging  through  tbe 
pipe,  A  8,  which  perforates  the  base  of  the  can,  j),  aud  extends  far  beyond, 
nsnally  with  its  distal  end,  a,  crooked,  so  it  can  be  nsed  to  throw  in  an 
augalar  direction.  This  pipe  may  have  two  branches,  and  thus  apply 
to  a  pair  of  rows.  The  device  will  also  be  found  convenient  for  treating 
many  plants  and  insects  other  than  those  cf  tbe  cotton  crop. 

Tbe  fignres  referred  to  need  to  be  noticed  more  in  detail.  Fig  4  may  be 
taken  as  presentang  the  more  typical  form  of  this  device.    It  represents 
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a  small  bellows,  v,  mi\i  baudles,  h  k,  one  of  theee  serviog  as  a  discharge- 
Bpoot,  communicating,  through  the  powder  receptacle,  f,  to  its  deliv- 
ery at  ».  The  bellows  is  made  mecbauinally  tight  witbont  uails,  glue, 
or  other  soluble  adhesives,  and  is  very  strong.  After  binding  the 
leather  into  thi*  peripheral  groove  of  the  heads  by  a  stont  wrap  of  wue, 
a  marginal,  flange-like  projection  of  the  metallic  heads,  t,  and  the  border 
leather  above  the  wire  are  clinched  down  over  the  wire.  Thus  the  head 
and  leather  are  mechanically  bound  together  in  the  firmest,  strongest, 
tightest',  and  most  durable  manner.  Also,  as  hydraulic  bellows  these 
cannot  be  surpassed,  and  where  used  for  spraying  liquids,  as  in  devices 
to  be  noticed  below,  or  where  employed  in  wet  fields  or  driving  rains, 
this  independence  of  harm  from  mnistore  is  an  excellent  characteristic. 
The  suctipn- valve  is  a  soft  plnteof  leather  caged,  with  little  play,  npon 
the  inlet  hole  which  is  panched  through  the  thin  metal  bend.  This 
hole  is  covered  ontwardly  witii  fine  brass  gauze,  z,  to  prevent  coarse 
bodies  from  sucking  into  the  valve  or  purto  beyond,  and  to  prevent  the 
outward  tur-pressnre  from  forcing  the  leather  plate  to  wrinkle  or  bulge 
out  too  much  at  the  inlet.  Instead  of  the  many-punctnred  onter  cover 
one  or  more  slots  will  give  similar  advantages  in  the  construction  of  the 
inlet.  Also,  the  vfdve  plate  is  inwardly  caged  byganze  or  bars,  prefer- 
ably by  the  fonner.  This  prevents  the  valve-plate  from  moving  far  off 
from  the  inlet,  so  that  it  will  close  quick  and  never  fail  to  overlap  the 
margins  on  all  sides,  and  it  also  preserves  the  flatnesii  of  the  flexible 
valve-plate  while  allowing  the  outward  pressure  to  strike  its  outward 
surface  in  a  direct  manner.  Thus  the  valve  is  made  very  simple,  light, 
and  effective.  The  discharge  may  be  taken  from  either  end  of  the  hol- 
low cleat  or  handle,  h,  but  the  arrangement  shown  will  generally  bo 
preferred,  in  which  the  blast  is  discharged  through  the  left  hand,  be- 
tween the  powder-can,  p,  and  the  bellows,  v.  Thus  the  weight  of  the 
bellows  tends  to  balance  that  of  the  powder -can  and  extension-pipe, 
rendering  the  tool  more  easily  wielded  than  if  the  weight  was  moru 
distant  from  the  hand.  The  powder  receptacle  may  have  any  suit- 
able form,  but  the  bicon'c  shape  here  shown  is  efficient,  and  seems  the 
simplest  to  make.  One  end  is  truncate,  opening  hy  the  large  screw-cap 
or  plug,  y-  The  blast  passage  inside  extends  radially  from  the  periphery 
to  the  apex,  with  an  extension-pipe,  t,  beyond,  terminating  in  the  crook 
discharging  at  s.  The  extension  piece  is  separable  at  r.  The  internal 
relations  of  the  blast  to  the  powder  wiU  be  better  explained  by  observ- 
ing Fig.  2,  which  is  a  sectional  view  taken  longitudinally  through  the 
parts.  The  tube,  e  r,  inside  the  can,  has  a  slot  in  its  side,  and  about 
midway  in  its  passage  is  a  shnt-off  device,  3.  When  this  is  set,  partially 
dosing  the  tubular  passage,  only  a  part  of  the  blast  goes  through  direct, 
and  the  rest  is  crowded  out  to  grind  away  the  powder  exposed  by  the 
Blot  passages.  The  more  of  the  blast  thus  crowded  out,  the  more  of  the 
powder  will  be  fed  to  and  carried  away  by  the  blast.  To  allow  thin 
feeding  by  erosion,  one,  two,  or  more  slots  or  rows  of  boles  of  size  and 
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shape  to  suit  may  be  thas  mode,  whereby  the  blast  can  act  upon  tb* 
powder  io  the  base  of  the  ciin.  Another  view  of  ihe  same  device  with 
ao  exteosioD-pipe  havingadditioiial  crooks  appears  in  Fig,  R.  The  let- 
tering has  the  foregoing  explanation  so  far  as  it  corresponds.  Fig.  1 
presents  a  side  view  showing  the  device  without  its  extCDsion-pipe.  In 
this  form,  or  with  a  long,  straight  extension  spoat,  it  may  bo  well  used 
io  broadcast  powdering,  To  the  discharge, »,  may  be  combined  a  flexi- 
ble hose  comninoicatiQg  with  a  free,  stiff  pipe,  which  can  be  independ- 
ently directed,  as  desired,  in  broadcast  work  or  in  powdering  trees.  This 
is  particniarly  desirable  when  the  bellows  is  conveyed  on  a  vehicle  and 
operated  by  the  foot  or  by  macliioery.  Also,  however,  the  bellows  may 
be  worked  or  conveyed  backward  or  down  trard,  or  a  trailing  extension- 
pipe  may  be  nsed  with  stiff  or  flexile  branches  such  as  have  been  de- 
Bcribed  elsewhere.  When  the  apparatus  is  hanled  it  is  advisable  to 
have  the  powder  receptacle  much  larger  in  proportion,  of  course,  and 
with  a  differently  shaped  base,  yet  with  the  same  internal  constrnction. 
Another  variation  in  the  small  hand-machines  is  shown  in  Fig.  5.  One 
head  of  the  bellows,  z,  is  secured  flat  against  the  side  of  the  can,  j>, 
which  has  the  form  of  an  ellipsoid  cylinder.  This  toakes  the  apparatus 
very  compact  and  iill  in  one  piece,  as  it  were.  By  such  an  arrangement 
the  blast-tube  curves  back  at  e  to  pass  through  the  base  of  the  recepta- 
cle. Otherwise  the  machine  is  not  essentially  different  from  those 
already  noticed. 

The  following  machines  devised  by  others  need  to  be  noticed  here: 

In  Plate  XXX,  Figs.  1,  2,  and  3  represent  a  machine  invented 
(No.  178704)  by  Mr.  8.  D.  Allen,  of  Philadelphia,  Pa.  lu  the  Report  of 
the  Department  of  Agriculture,  on  Cotton  Insects,  p.  2i7,  it  received 
the  description  below : 

"Fig.  lin  aside  vien  of  the  device;  2,  an  enlarged  vertical  seetiounl  view  of  put 
of  tbe  same:  3,  a  transverse  section  on  the  line  1,  S,  of  S. 

"  The  iioiBODJngcomponnd  is  contained  in  aTfseiTolr,  A,  and  is  forced  in  small  qnan- 
tlties  at  a  time  throngli  a  epont,  a,  bj  means  of  air  forced  into  the  reservoir  fh>m  a 
pair  of  bellows,  D,  or  other  blowing  mechanism,  to  which  are  connected  arms,  BB',  bj 
means  of  nbich  the  bellows  may  be  operated,  a  spring, «,  being  attaolied  to  the  end  of 
*u  upright,/,  to  serve  or  assist  in  distending  the  bcllowB.  The  apparatus  is  mounted 
on  a  wheel,  (,  which  imparts  motion  to  tbe  bellows  throngh  the  medium  of  a  rod,  p, 
and  stnds  ■,  on  the  wheel.  B;  each  stnd  the  rod  is  drawn  downward  until  it  Is  freedf 
by  springing  awaj  from  the  stnd,  wben  it  will  rise  by  the  action  of  the  spring  e. 
Tbe  oater  end  of  the  lower  arm,  B',  is  adapted  to  a  segmental  rod,  g,  and  is  provided 
with  a  set-screw,  by  tightening  which  the  arms  and  bellows  ma;  be  confined  in  my 
relative  position  tu  which  they  may  be  adjusted  as  shown,  for  instance,  by  dotted 
lines  in  fignre  I.  The  reservoir,  A,  is  provided  at  one  end  with  a  fnnnel,  d,  through 
which  the  material  is  Introduced  into  the  reservoir,  and  at  the  opposite  end  is  on  in- 
clioed  spont,  a,  over  tbe  end  of  which  is  fitted  a  funnel-shnped  guard  or  shield,  b, 
which  protects  the  end  of  the  spont  and  prevents  the  clogging  up  of  the  same  when 
■oed  among  wet  foliajce- 

"  The  object  of  making  tbe  spont  inclined,  as  sbown,  is  to  enable  it  to  disoharge 
either  np  or  down  or  on  either  side,  as  desired,  withont  changing  the  position  of  the 
bellows,  D,  tbe  change  being  effected  by  merely  taming  the  reservoir  aroond  on  tbe 
aocsU,  ■>,  of  the  bellows  antU  the  spont  is  pointed  In  the  proper  diieetion. 
(»  COMO 16 
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"TheieserTi>ir,A,  isdiTiiteil  In  thepre«eot  instance  by  two  longitadlnBl  pkrtitioiw, 
i  i,  wliich  brcftk  np  tbe  contenti  of  tbe  reservoir  an<l  provent  them  from  accamalftting 
intbelon^rponioiiaoftbe  ftame— opeoingsj^,  bovever,  alloningsucbeommanication 
ae  will  permit  Ibe  untrancc  of  mfflcient  material  Into  the  loner  portfva  of  tbe  reser- 
voic  to  fiuppi;  tbe  place  of  tbat  expelled  at  each  blast  of  tbe  bellows,  thoa  inaaring  bb 
even  discbarge  of  the  whole  contents  of  tbe  reaervoir. 

"  In  order  to  caaee  tbe  air  to  act  only  on  the  portion  contained  in  tbig  lower  diTisioa 
the  no2zlo  bns  an  inclined  face,  n,  in  nbtoh  the  perl'oratiooe  for  tbe  escape  of  tbe  ^r 
are  formed,  the  air  being  thus  directed  against  tbe  bottom  of  tbd  reservoir,  and  oanj- 
ing  with  it  a  small  qnaotity  of  the  contents,  which  are  expelled  tbrongh  the  spent,  a. 
A  perforated  disk,  x,  is  inserted  into  the  entrance  of  this  spont  to  assist  in  distribnt- 
ing  the  content*  evenly." 

Mr.  Tbomas  Woodoson,  of  Chicago,  III.,  is  maniifactnriDg  BOtue  small 
insect  bellon-s  having  tlie  construction  of  tbe  common  Banding  bellows. 
In  Plate  XXSII,  Fig.  3,  is  represented  one  of  tbe  best  made  by  him. 
Tlie  powder  is  introdnced  into  the  donble  cone-shaped  reservoir  by  a 
«au-8crev  opening  above.  A  valve  prevents  the  powder  from  sncbing 
into  tbe  bellows  at  its  neck.  The  blast-pipe  from  the  bellows  projecto 
into  and  beyond  the  center  of  the  reservoir,  where  its  end  is  closed 
completely.  The  air  can  only  pass  fh>m  this  supply  pipe  in  a  lateral 
direction  by  a  number  of  perforations.  Tlie  feeding  device  has  no  ad- 
justability. The  powder  ponrs  into  tbe  discbarge- pipe  if  that  be  di- 
i-ected  downward,  and  the  feeding  is  affected  by  shaking  and  joltiag, 
yet  in  its  way,  though  at  some  mechanical  disad  vantage,  it  does  very 
t»ir  work  as  a  distributer  of  ^ison. 

Mr.  Woodason  also  makes  a  similar  bellows  with  the  common  feeding 
device,  shown  in  Plate  XXXII,  Pig.  2,  The  powder-box  is  a  funnel  with 
its  top  closed,  while  its  outlet  communicates  into  tbe  blast-pipe.  It 
feeds  less  regnlarly  than  the  preceding  one,  especially  when  flour  mix- 
tures are  employed. 

Another  interesting  blower  for  broadcast  powderiog  is  that  patented 
<No.  50558)  in  July,  1866,  by  Mr.  J.  W,  Hcndley,  of  Washington,  D.  C. 
This  machine  is  illustrated  in  Plate  XXXII,  Fig.  I.  It  was  used  as 
«arly  as  twenty  years  ago  for  blowing  powdered  sulphur  as  an  insecli- 
«ida  upon  plants,  but  lias  sold  in  the  trade  cbiedy  as  a  "sanding  bel- 
lows." The  bellows  proper  is  of  ordinary  construction,  bat  the  spont 
iind  feeder  are  peculiar.  Tbe  latter  is  a  can  which  oscillates  np  and 
«lown  on  and  with  tbe  upper  or  movable  bead  of  the  bellows.  A  flexi- 
ble segment  in  the  neck  of  the  feeder  allows  the  can  to  move  independ- 
ently of  the  neck,  which  leads  into  the  blast-spout  at  a  point  jnet  beyond 
tbe  bellows.  Inside  of  this  neck  is  a  barbed  rod  having  its  upper  end 
fixed  in  tbe  can,  so  that  the  movements  of  tbe  latter  make  tbe  rod  act 
as  a  plunger  and  rattler  in  the  neck  to  push  tbe  powder  along  down  to 
tbe  blast  Just  proximtil  of  the  t'ecd-en  trance  the  blast-pipe  has  a  short 
<;rook  to  bolp  prevent  the  powder  from  getting  back  into  the  bellows, 
while  distal  from  it  there  is  a  flexible  segment  with  an  adjustable  clamp 
to  Met  the  discbarge  end  at  any  angle  desired.  The  exit  end  is  broadly 
flattened,  having  a  slot-like  discharge  orifice  to  spread  the  blast. 
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Mr.  J.  P.  Stelle,  of  Citrooelle,  Ain.,  thaa  described,  in  bis  report  in 
1880,  a  simple  device  which  be  had  tested : 

"X%  conmBtB  of  B  biii»11,  round  tin  box  affixed  apon  the  pip«  of  a  oonuuoii  hand-ballows, 
the  box  Bitting  at  light  anglea  with  the  pipe.  The  top  is  perforaced  with  Dam«rons 
fine  holes.  London  pnrple  nndilnted  is  to  be  placed  Jnaide  ths  box  and  forced  np 
tkiODgh  tbe  perforations  by  working  the  bellows." 

Its  poor  featnre*i8  that  wetness  can  enter  the  perforated  &ce  to  af- 
fect the  powder,  and  the  outlets  may  clog,  for  the  best  tJme  to  apply  dry 
poison  thns  is  when  the  plants  are  wet. 

Several  small  hand-blowers  are  in  the  market,  bat  most  of  them  are 
adapted  only  for  billing  bed-bags  Bad  insects  on  bouse  plants. 

OsoiLLATiNa  Blotpebs  of  Fluids — This  application  of  the  bel- 
lows promises  to  be  of  much  importance.  It  affords  the  best  obtainable 
blast  for  atomizing  and  blowing  fluids.  The  blast  atomizers  I  haf  e  de- 
Tised  and  described  below  make  mists  of  excellent  quality  and  embody 
what  t<eem  to  be  the  best  methods  of  charging,  directing,  and  discharg- 
ing the  blast  with  liquid. 

Special  attention  sbonld  be  given  to  the  machines  presented  in- Plate 
XXXI,  Figs.  7  and  8,  and  in  Plate  XXXII,  Figs.  4  and  6,  described 
below. 

To  prevent  tbe  bellows  from  sacking  back  (the  liquid  to  be  blows  to 
Atoms,  or  the  air)  from  the  bloat-tnbe  into  itself,  the  blast  leaving  the 
bellows  Is  passed  outward  through  an  exonrrent  valve. 

For  feeding  the  blast  with  liquid  to  be  blown  to  a  spray  the  devices 
heretofore  used  in  atomizers  for  surgical  or  other  parposes  are  not  well 
adapted  to  field-poisoning.  The  priuciple  of  blast-snctioQ  so  commonly 
employed  in  them  will  not  lift  from  large,  very  deep  reservoirs  and  feed 
to  the  blast  tbe  supply  of  liquid  required  in  large  machines ;  while  those 
which  nse  blast  pressure  are  so  constmcted  as  to  squirt  the  liquid  of  the 
reservoir  upward  in  oppositioo  to  gravity,  and  to  raise  it  thus  oat  of  a 
large,  deep  reservoir  requires  more  exhanstion  of  force  to  operate  the 
bellows  than  economy  will  warrant.  And  the  same  will  be  true  when 
airpumps'  are  used  as  described  farther  ou.  A  much  better  plan  is  that 
in  which  the  fluid  gravitates  into  an  automatic  feeder  or  directly  into 
the  blast  passage,  with  or  without  the  assistance  of  blast-pressare  or 
blast-suction^  Thus  it  will  be  seen  that  the  blast-pipe  to  be  fed  with 
liquid  should  pass  below  the  level  of  the  liquid,  and  with  this  limita- 
tion may  have  any  position  that  is  convenient.  If  it  pass  outside  the 
reservoir  one  or  more  conveyor-tabes  to  or  from  tbe  blast  mnst  be  added 
to  communicate  with  the  reservoir.  To  avoid  some  complication  and  se- 
cure greater  compactness,  with  better  working,  the  blast-tube  is  prefer- 
ably passed  through  or  against  the  lower  part  of  the  reservoir,  from 
which  one  or  more  passages  gives  the  liquid  exit  into  tbe  blast-tube. 
The  quantity  to  be  fed  oat  must  be  gauged  by  the  size  of  the  outlet  or 
ootlets,  which  may  be  formed  of  permanent  size,  or  can  be  increased, 
dimioiebed,  or  closed  at  will  by  any  a^ostable  partial  or  complete  shut- 
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off  arrangement.  Before  the  Mast  has  reached  the  ontlet  jtiet  mentioned 
a  part  of  it  eboald  be  passed  above  the  liquid  and  iu  the  tight  reservoir 
(by  way  of  a  tube,  or  by  direct  egress  from  the  blaat-tabe  when  the 
latter  ia  in  or  against  the  reservoir),  to  rise  above  the  liquid  (tbroogh  it 
or  throngh  a  tnbe),  to  give  a  pneatnattc  pressnre  npon  the  liquid,  and  so 
assist  gravity  in  forcing  a  constant  jet  therefrom  in{o  the  blast. 

When  planning  the  constmction  of  apparatus  in  vbich  blast-pressure 
throngh  one  passage  ia  to  be  used  to  f^ect  the  liquid  through  another 
into  the  blast  the  following  priuoiple  should  be  observed:  In  order  that 
the  blast-pressure  through  the  one  passage  shall  be  against  tbe  liqnid 
more  strongly  than  through  the  other  passage,  to  squirt  or  help  squirt 
tbe  liquid  &om'  the  latter,  thus  to  feed  the  liquid  to  the  blast,  the  blast- 
tube<iH  constructed  with  greater  capacity  opposite  and  beyond  the  ejec- 
tion passage  into  itself,  and  this  may  also  be  accomplished  by  making 
any  partial  obstruction  of  the  blast,  by  crook  or  otherwise,  in  that  part 
of  the  main  passage  which  ts  between  the  two  reservoir  communications. 

When  it  is  desired  the  blast  and  liquid  can  be  conducted  together 
through  very  long  tabes,  and,  by  the  chambered  forks  or  angles,  may  be 
equally  divided,  to  supply  one  or  more  reverberatory  jets  at  a  distance. 

If  the  blast  pipe  euds  close  to  where  the  liquid  feeds  it,  the  latter 
will  be  blown  in  a  fair  spray ;  but  if  tbe  liqaid  mast  pass  with  it  in  the 
pipe  for  a  considerable  distance,  and  especially  if  there  be  any  crook- 
ednetis  in  the  coarse,  tbe  liquid  becomes  more  or  less  coudensed,  and 
no  satisfactory  spray  results  without  adding  a  special  device  for  reat- 
•miziug  it,  and  this  is  best  done  by  attaching  the  eddy-chamber  nozzles, 
such  as  have  been  already  recommended  for  squirting  sprays,  and  others 
similar,  but  provided  with  different  outlets.  In  any  case,  even  if  no 
couv«yor-tubes  are  necessary,  the  best  atomized  spray  is  obtained  by 
the  employment  of  the  reverberatory  jets,  which,  like  the  feeding  ar- 
rangemeut  described,  can  be  constructed  with  ciipacity  for  larger  vol- 
■mes  of  liqaid  and  of  spray  than  the  old-iashioned  atomizing  principle 
will  produce.  The  next  best  thing  to  the  simplest  rpverberatory  jets  for 
this  purpose  is  also  nev.  It  is  the  whistle  jet,  which  differs  from  the 
eddy  jet  in  having  its  outlets  peripheral,  and  preferably  close  to  the 
•utsidc  of  the  inlet,  being  the  same  plan  of  nozzle  as  that  shown  in  plate 
XXXII,  Fig,  fl,  and  described  above,  but  preferably  with  some  mod- 
ifications. One  distinctive  characteristic  of  this  is  that  it  receives  a 
blast  across  the  inner  fkee  of  tbe  ontlet  hole.  As  will  be  seen,  it  makes 
•ne  and  tbe  same  stream  return  back  to  intercept  and  atomize  itself. 
But  while  the  foregoing  styles  seem  preferable  for  agitation-chambers 
for  these  purposes,  under  certaiu  limitations  the  number  and  location 
«f  tbe  inlets  may  be  altered,  and  the  spray  outlet  or  outlets  may  have 
any  other  ^Kisition,  such  that  the  current  must,  in  order  to  find  exit,  be 
given  a  suddenly  tortuous  or  zigzag  coarse  by  and  in  the  chamber, 
while  the  form  of  tbe  outlet  may  be  cut  in  various  shapes  with  good 
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effect,  aud  tlie  chamber  may  have  only  piano  and  angular  conformation, 
or  can  possess  certain  irregularly  or  regularly  curved  contonra. 

An  allied  and  very  simple  form  of  atomizer-nozzle,  which  is  only  of 
value  vith  blasts,  consists  of  a  blast-tube  with  its  discbarge  end  closed 
comi>lett)ly,  and  having  one  or  two  discharges  through  its  aide  at  a  short 
distance  irom  the  closed  end,  as  shown  in  Plate  XXXI,  Fig.  6.  The  air 
iu  tfae  short  cavity  of  the  tnbe  between  the  outlet  aud  the  closed  end  actt 
as  an  elastic  cnshion,  and  there  takes  place  a  rebounding  and  rotary  ac- 
tion of  the  blast,  whence  atomizing  residta.  With  the  agitation-cham- 
bers the  blast  dashes,  spreads,  and  grinds  the  poison  against  the  inner 
surface  of  the  chamber.  Thus  they  disintegrate,  mix,  and  diffuse  any 
lumpy  accumulations  of  powder  poison  or  masses  of  liquid  that  enter 
tbem,  and  the  greater  the  blast  force  the  finer  will  the  powder  or  spray 
be  discharged. 

This  introductiou  of  agitation-chambers  iu  atomizers  for  diffusing  or 
mtziug  the  materials  just  before  they  are  discharged,  aud  emitting  them 
thus  mixed  and  iu  a  state  of  iutense  agitation,  is  due  to  myself,  and  I 
make  tbem  iu  many  different  shapes.  The  activity  within  is  of  a  rever- 
beratory  character,  generally  arising  by  internal  deflection,  causing 
vibratiou,  collision,  intercepting,  or  whirling  of  currents.  The  Bpray 
may  be  discharged  from  the  chamber  in  any  direction  or  at  any  angle 
debired,  and  an  atomized  spray  at  right  angles  from  the  end  of  a  pipe 
is  just  what  has  been  needed  to  make  both  practical  and  economic  the 
process  of  poisoning  the  nether  surfaces  of  crops. 

Prior  to  these  the  atomizing  was  done  on  the  principle  of  a  blast  blow- 
ing the  emitting  liquid  immediately  ^m  the  discharge  of  a  pipe  supply- 
iug  the  liquid  and  thereby  producing  atomized  spray.  The  terminal 
portions  of  the  blast-pipe  and  the  liquid  supply-pipe  stand  approaching 
each  other  at  an  angle,  or  either  may  surround  the  other.  Although  an 
immense  number  of  atomizers  for  surgical  and  other  purposes  have  been 
putented,  the  above  principle  characterizes  them  all.  Id  patent  Ko. 
173194  Mr.  W.  V.  Wallace  claimed  a  device  for  catching  and  returning 
to  a  receptacle  the  drip,  which  flows  iu  considerable  amount  as  waste 
from  these  atomizers. 

Ut.  Thomas  Woodason,  of  Chicago,  111.,  is  manufactoring  an  ordinary 
atomizer  represented  in  Plate  XXXIX,  Fig.  i.  The  eon,  j),  contains  the 
poison.  The  bellows,  e,  baa  its  spont  soldered  to  the  top  of  the  can,  and 
discbarges  across  tiie  end  of  the  tube,  p.  As  a  result  the  rareflcation 
produced  in  the  ascending  tnbe  enables  the  atmospheric  pressure  in  the 
can  to  cause  the  liquid  to  rise  through  the  tube,  and  from  its  top  the 
atomized  spray  is  blown.  This  is  one  of  the  simplest  atomizers  to  con- 
struct, and  it  makes  a  fair  spray.  It  is  a  small  hand  instrument  t« 
produce  a  single  spray  in  directions  not  deviating  greatly  from  the 
famizontaL  Its  feeding  principle  by  blast  suction  will  not  work  satis- 
factorily except  for  a  very  shallow  body  of  liquid  ;  heuce  the  reservoir  is 
necessarily  small,  and  must  be  filled  very  often.  The  first  part  of  the 
blast  is  wasted  in  producing  a  vacuity,  aud  some  poison  is  lost  as  drip. 
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A  large  reservoir  of  liquid  on  the  spoot  of  a  band  bellows  voold  be 
too  unwieldy  even  were  It  practicable  in  atomixerB  made  oq  this  princi- 
ple. To  remedjr  this  in  sach  apparatuses  and  prevent  waste  by  dripping 
I  have  added  an  automatic  supply  by  way  of  a  small  tabe  leading  fh>iD  a 
larger  reservoir  carried  higher,  as  between  the  shoulders,  upon  the  back, 
ar  vqtoa  one  of  the  handles  of  the  bellows,  or  otberwise,  together  with 
other  features,  all  of  which  may  be  bett«r  explained  by  the  figures.  A« 
seen  in  Plate  XXXII,  Fig.  5,  bellows,  v,  has  a  long  blast-tube,  i,  opening 
at  e  into  the  chamber,  p.  This  also  produces  a  pneumatic  pressurw 
upon  the  liquid  in  the  can,  p.  A  poison-inlet,  I,  connect^with  fi  rubber 
tube  team  a  larger  and  more  elevated  reservoir,  not  shown  in  the 
figure.  A  diagonal  tube,  xy,  has  its  lower  i>art  open  in  the  proximal 
lower  angle,  a;,  of  the  can,  p,  while  ita  upper  end  oi»ens  at  a  larger  ori- 
fice, y,  through  the  upper  face  of  the  can,  and  preferably  near  its  distal 
side.  This  instrument  is  designed  to  be  held  with  the  pipe,  i,  directed 
downwards  to  carry  the  can,  p,  beneath  the  plants  sprayed.  The  liquid 
horizon  will  then  be  at  the  lower  extremity  of  the  inlet-tnbe,  I.  Each  blast 
depresses  the  liquid,  cauMing  some  to  rise  up  tbrough  the  tube,  x  y,  and 
be  sprayed  upward  by  the  ascending  blast  nt  s.  At  the  same  time  a 
^mall  volume  of  the  air  is  forced  to  enter  the  tube,  I,  and  ascend  into 
fhe  larger  reservoir,  to  displace  water  enough  to  restore  its  level  up  to 
the  lower  extremity  of  the  tube,  closing  its  orifice  so  that  no  more  air 
cin  enter,  and  hence  no  more  liquid  can  descend.  Thus  the  very  small 
caD,p,  is  fed  automatically,  itiself  being  of  a  very  wieldy  size  and  aerv- 
ing  rather  as  a  nozzle  than  as  a  reservoir.  When  a  large  supply  of 
poison  is  not  needed  the  tube,  I,  may  he  corked  tight  and  the  can,  p, 
is  filled  through  the  hole,  y  or  I,  preferably  by  immersing  the  whole 
aim  in  a  vessel  of  poison  so  the  latter  may  enter  at  either  of  those 
orifices. 

The  liquid  is  drawn  in  quickly  by  opening  the  bellows  while  closing 
its  suction  hole  by  the  thumb  or  hand.  In  this  device  blast-pressure 
rather  than  blast  suction  feeds  the  liquid  out,  and  the  blast-discharge 
is  tuken  preferably  from  a  fiicial  orifice,  whence  it  surrounds  the  outlet 
of  the  liquid. 

The  foregoing  device  is  quite  practical,  and  there  are  no  difficult  points 
in  the  construction  or  adjustment  of  its  parts.  But  the  ordinary  me- 
chanic finds  it  more  difflcnit  to  construct  the  following  machines  accu- 
rately in  all  tJieir  proportions,  although  they  are  no  more  complex  than 
those  already  noticed,  over  which  they  possess  mechanical  advantages, 
in  their  operation  and  application,  giving  a  preference.  The  principles 
which  I  have  introduced  in  these  render  possible  the  conatrnction  of 
practicnl  compound  machinesfordeliveringtwoor  more  blast-sprays  from 
a  single  blower  and  a  single  feeder.  This,  also,  is  accomplished  without 
complexity  and  at  moderate  cost  The  following  examples  should  be 
considered  here.  The  simple  hand  apparatus  in  Plate  XXXI,  Figs. 
C,  7,  and  8,  wfll  be  described  first.    The  internal  anatomy  of  the  feeder 
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is  shown  in  Fig.  7,  vhere  p  is  tbe  feeder-van  containing  the  liquid 
poison  and  y  is  the  blast-pipe.  This  is  united  with  a  screw  cap  or  plug 
vhiuh  Duscrfiws  to  separate  and  open  the  can.  From  the  blust-pipe 
there  piojeets  a  small  tube,  x-y,  in  the  can  and  opening  near  the  basal 
apes,  X.  This  is  the  feeding-tube  to.  conduct  the  liquid  up  into  the  blast. 
Its  lower  end,  x,  is  at  the  bottom  of  the  liquid  and  will  remain  so  whether 
the  side,  a,  or  the  side,  n,  be  down,  wherefore  the  bhtst-pijie  may  be  di- 
rected considerably  downward  or  upward  or  borizontall;  without  bring- 
ing this  eud  above  the  liquid.  The  opening  of  this  end  is  preferably 
qaite  small,  but  even  for  single  sprays  of  good  size  it  need  not  be  small 
enongh  to  clog,  with  ordinary*  care  to  keep  the  liquid  free  from  rubbish. 
Bnt  when  in  careless  hands,  or  dirty  liquid  must  be  engaged^  clogging 
may  occur.  lu  such  cases  the  can  is  removed,  and  a  wire  forced  up 
through  the  small  passage  to  clear  it.  When  no  can-screw  ia  employed, 
and  the  pipes  are  inseparably  Joined  to  the  can,  a  means  for  clearing  the 
feed-pipe  ia  provided  by  having  its  lower  end  extend  through  the  base 
of  the  can  where  it  is  plugged,  while  a  lateral  perforation  through  it  just 
inside  of  tbe  Clin  admits  the  liquid.  Then  the  end  may  be  opened  to  pass 
up  the  wire  probe.  Also,  the  feed-hole  into  the  side  of  the  tube  may 
be  formed  as  a  slot,  which  can  be  more  or  less  closed  by  adjusting  the 
ping  sUglitly,  and  thus  the  liquid  supply  can  be  increased  or  dimin- 
ished or  shut  off.  The  plug  may  sbut  off  the  inlet  either  by  deeper  io- 
BertioQ  or  by  rotation  npou  the  axis.  The  upper  end  of  tbe  feed-pipe  is 
generally  cut  diagonally,  and  this  diagonal  part  projects  into  the  blast 
with  its  slope  to  the  leeward.  There  are  certain  delicate  advantageous 
peculiarities  of  form  for  this  orifice  which  need  not  be  detailed  here. 
Near  the  feed-pipe  perforations  are  made  to  allow  blast-pressure  to  be 
exerted  npon  tbe  liquid  to  force  it  np  in  the  feeder-tube.  Thus  the  feed- 
ing principles  are  similar  to  those  iu  tbe  device  just  previonsly  described. 
Also  the  uses  of  the  automatic  supply-tube,  I,  are  the  sameas  were  given 
above.  But  in  the  machine  before  us  there  is  not  an  immediate  spray- 
discharge;  the  blast  and  the  liquid  fed  to  it  are  conducted  onward  by 
an  extension-pipe.  If  this  be  very  short,  as  at  js,  in  Fig.  8,  and  the 
month-piece,  o,  be  blown-into  strongly,  a  direct  spray  will  be  emitted  at 
«;  but  the  longer  this  extension-pipe  and  tbe  more  roughness  and  crooks 
it  poBseBses  tbe  more  will  tbe  spray  become  condensed  against  the  side 
of  Xhe  pipe,  or  separated  from  the  blast  to  flow  in  the  pipe;  wherefore 
at  some  distance  its  valuable  qualities  are  lost.  But  by  these  means  the 
liquid  and  the  blast  are  both  condacted  iu  one  and  the  same  pipe,  to  be 
reatomized  by  tbe  terminal  nozzle  or  nozzles.  Instead  of  tbe  oral  blow- 
pipe of  Fig.  8  a  bellows  may  be  attached  on  the  one  end  and  a  long  ex- 
tension-pipe on  the  other.  This  arrangement  appears  in  Fig.  6,  where 
like  letters  indicate  how  the  parte  correspond  to  those  of  the  figures 
already  jost  described. 

Tbe  pipe  terminates  in  the  simplest  form  of  reverberatory  nozzles,  de- 
scribed above.    Certain  of  these  give  spray  at  an  angle  from  the  pipe, 
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while  otbers  emit  tbe  spray  in  tbe  direction  of  the  axis  ot' the  pipe.  The 
pipe,  i,  shoult]  be  prcl'trably  so  extended  an  to  caixy  its  jet,  8,  beueath  tbe 
plants.  The  pipe,  /,  inny  be  inferred  in  the  wall  of  the  can  at  any  poiat 
above  the  desire<l  level  of  the  liquid  wbicb  closes  the  lower  end  of  th« 
pipe  BO  that  air  cannot  asceud  to  the  large,  tight  reservoir.  H^ice,  the 
liquid  can  rise  no  higher  than  to  close  its  lower  orifice.  Aa  soon  as  tbe 
liquid  is  lowered  so  much  that  air  can  enter  and  pass  to  the  upper  reS' 
ervoir  liquid  enough  will  descend  to  close  the  entrance  again.  With 
this  arrangement  the  feeding  of  the  blast  goes  on,  and  the  small  can 
does  not  have  to  be  filled.  Tbissupply-tube  may  have  a  stopper,  or  be 
connected  with  an  automatic  supply  from  a  larger,  higher  reservoir,  as 
previously  explained.  It  may  be  seen  that  whether  the  angle,  x,  or  the 
side,  a,  or  the  side,  n,  be  downward  the  passages  at  the  corner,  y,  will 
always  be  above  tbe  liquid,  so  thatwhen  the  instrument  is  in  OpeivtioD 
it  can  be  directed  downward  or  upward,  as  well  as  horizontally.  By 
this  maehiue  tbe  blast  is  fed  with  certainty  and  strongly.  Since  there 
i^  no  immediate  communication  of  the  surrounding  atmosphere  with 
the  reservoir,  p,  tbe  liquid  is  not  raised  in  tbe  pipe,  x-y,  by  the  ordinary 
process  of  atmospheric  pressure,  bat  tbe  blast- i>res3ure,  which  is  more 
powerful,  is  applied.  Here  it  should  be  noticed  thfit  the  blast  also 
bears  down  upon  the  liquid  in  the  tube,  x-g,  as  well  as  on  that  in  tbe 
chamber,  and  were  its  force  equal  in  both  these  places  tbe  water  would 
not  rise,  for  the  elevation  must  be  due  to  the  reservoir  pressure  exceed- 
ing that  in  the  feed-tube.  To  secure  this  condition  the  main  blast  be- 
tween tbe  incnrrent  and  excurreut  orifices,  at  y,  shonM  be  partially  ob- 
structed, and  this  can  be  accomplished  in  various  ways,  bere  by  one 
side  of  the  tube,  se-y,  projecting  into  tbe  main  passage.  It  can  also  be 
done  by  a  crook,  or  by  having  tbe  main  passage  made  larger  beyond  the 
pressure-hole.  It  should  be  noticed  that  with  this  device,  eveu  when  do 
valve  is  used  between  it  and  the  bellows,  the  liquid  will  not  flow  back 
into  the  bellows  past  the  pressure-inlet,  for  there  it  naturally  entera 
again  into  the  chamber. 

Ad  important  feature  of  this  device  depends  on  the  fact  that  it  may 
be  turned  upside  down,  and  so  works  with  less  effort,  while  gravitatioo 
causes  the  liquid  to  feed  into  the  blai^t  uninterruptedly  by  way  of  what 
was  in  tbe  other  case  the  distal  pressure-hole,  and  the  tnbe,  x-y,  or  a 
hole  preceding,  it  now  serves  to  pass  the  blast-pressure  above  the 
liquid. 

An  apparatus  having  these  characteristics,  also  adapted  to  poinonin£ 
ander-surfacee  and  others,  is  shown  by  a  plan  view  in  Plate  2JXXII, 
Fig.  0.  The  bellows,  r,  has  a  very  long  blast-pipe,  »,  with  an  angular 
discharging-uozzle,  »,  which  can  be  turned  on  tbe  pipe,  i.  At  tbe  base 
of  the  pipe,  i,  is  a  crook,  recess,  valve,  or  partial  septum,  to  prevent  tbe 
poison  from  entering  the  bellows.  The  reservoir,  p,  has  a  supply  en- 
trance, I,  which  may  be  cIoReO,  or  eiin  have  a  ))ipe  connection  as  an 
automatic  supply  from  a  higher  reservoir,  carried  by  the  operator  or  a 
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horse  or  otherwise.  The  chamber,  p,  commiuiicates  with  the  main  blast 
1»r  the  presBure-tnbe,  a^,  and  the  poiBOQ-pa88af!:e.  When  deaired,  this 
ftpertorehasan  adjastableshut-offtoregalateorstop  the  flow  therefrom. 
The  haudle  has  aD  incnrreiit  air-valre. 

Either  of  these  apparatases  may  have,  ioutead  of  a  single  jet,  two  or 
more  JeLct  oo  pipe-braoches,  and  thus  were  made  compoand  machines 
iarolving  the  same  principles.  The  systems  of  branching  tubes  [PI. 
XLIX  and  XLYl]  and  tlie  couveyauees  in  these  machines  cumbiueutso 
with  otherK,  and  also  the  liquid- fvediug  reservoir  made  on  the  plan  jaet 
described  may  be  substituted  in  place  of  the  powder-can  in  the  appara- 
tosea  presented  above  and  in  Plate  XXXIII. 

On  the  other  hand,  in  makiDg  very  simple  atomizers  on  the  above 
plans  tiie  eztehsiou-pipe,  t,  may  be  omitted,  aud  the  sprary -nozzle  can  be 
formed  as  a  compartment  of  the  reservoir,  or  be  attached  thereto  by  a 
abort  neck. 

"A  portable  spray  machine  (Plate  yy^f,  Fig.  4)  was  made  a  few  yeai« 
BiDce  by  Mr.  W.  P.  Peck,  of  West  Qrove,  Pa.,  consisting  of  a  t^k 
strapped  koapsactc-fashioD  on  the  shoulders,  and  connected  by  rubber 
tabes  with  a  pair  of  bellows,  buckled  to  the  waist,  turned  by  a  crank, 
and  connected  with  a  movable  nozzle.  The  tank  holds  three  gallons, 
»Dd  there  is  a  simple  device  at  the  bottom,  which,  by  the  motion  of 
walking,  keeps  the  liquid  in  agitaiion  and  prevents  the  poison  fitun 
settling.  The  liquid  issues  in  a  fine  spray  and  with  considerable 
force." 

Mr.  W.  V.  Wallace,  of  Boston,  Mass.,  patented  in  1»7€  (Ko.  185603) 
SD  elastic  balb,  discharging  a  blast  in  the  spout  of  a  watering-pot  to 
Mow  a  spray  therefrom,  which  seems  to  cover  the  spraying  principle  of 
the  Peck  machine. 

KEOIPBOOATIKa  OS  PIBTONBB  BLOWEB8. 


(o,/or jMwdflr;  h,for  Uquid.) 

The  piaton-pumpa  in  Plate  XXXY,  Pigs.  1  and  2,  and  described' 
below,  or  other  air-pamps,  may  answer  as  blast  producers  for  blow- 
ing powder  or  fames,  and  for  atomizing  liquids.  For  these  purposes 
the  cylinder  of  the  pomp  should  be  preferably  larger  than  when  it  is 
to  be  nsed  only  for  oompression.  With  such  blast  generators  powder 
feeders  or  atomizers  of  the  kind  idready  described  for  use  with  bellows 
can  be  combined  with  or  withoat  dislribating  pipes  and  nozzles  as  de- 
sired for  simple  or  compound  machines.  Those  same  appurtenances 
were  planned  for  blowers  of  any  kind,  but  the  air-pnmp  shown  in  Plate 
XXXY,  Fig.  1,  was  invented  and  used  by  myself  in  such  combination 
and  subserves  the  purposes  very  well.  The  pump  discharges  through 
its  hollow  piston-rod,  and  this  is  easily  coapled  to  the  blast-pipe  of  the 
feeding  and  distributing  appfvatns. 
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.  The  blast-pipe  and  hollow  ptatoo-rod, »,  bears  the  piston  bead,  a,  in  tfae 
cylinder,  v:  A  handle,  u,  Is  formed  on  the  pipe,  and  others,  A,  on  tlie  cylin- 
der. The  ends,  h'  h",  of  the  cylinder  shonld  be  coorez  or  conca w  to  give 
stiffaess  to  the  sheet  metal  of  which  they  in  this  instance  are  formed- 
Also  at  the  end,  h',  the  piston-head,  a,  is  prevented  b;  the  convexity 
ftom  approaching  too  close  to  the  pistou  rod  passage  or  its  packing  at 
the  neck  of  the  cylinder,  thns  tending  to  keep  the  piston  parallel  witb 
the  cylinder  or  prevent  its  rocking  in  the  same.  The  sides  of  the  cyl- 
inder are  preferably  double,  in  order  that  braises  of  the  onter  wall 
may  not  affect  the  smoothness  of  the  inner  wall,  and  for  other  porposes. 
The  valves  are  of  the  kind  described  for  my  bellows  heads  above. 
These  incarrent  valves  are  made  near  the  ends  of  the  cylinder,  at  oo, 
and  they  act  in  alternation. 

The  piston-head  ham  flexible  margins,  which  hag  the  cylinder  loosely, 
bat  more  tightly  under  the  air  pressure.  To  make  these  margins  a  belt 
of  flexible  material,  broader  than  the  head,  a,  has  its  center  shmuk  by 
a  tight  wire  into  a  groove  in  the  circumference  of  the  head,  or  a  pair 
of  flexible  cups  may  be  nsed  joined  base  to  base.  The  head  is  free  to 
slide  on  the  piston-rod  for  a  very  short  space  between  the  two  annnlar 
flanges  or  bearings,  which  may  be  alternately  applied  to  their  packingn 
on  the  head.  These  packings  coald  be  free  or  attached  to  the  flangfs. 
It  may  be  observed  that  when  the  head  is  against  the  one  flange  then^ 
is  left  open  an  entrance  between  the  head  and  the  other  flange  as  an 
inlet  from  one  end  of  the  cylinder  into  the  pistcn-rod  and  blast  pas- 
sage ;  also  that  when  the  head  is  against  the  other  flange  said  entrance 
is  shut  off  from  that  end  of  the  cylinder,  and  there  is  uncovered  another 
opening  at  the  opposite  side  of  tiie  head  as  an  outlet  from  the  other  end 
of  the  cylinder  into  the  hollow  piston  and  blast-pipe.  When  either  the 
cylinder  or  the  piston  rod  is  moved  reciprocatingly  with  reference  to 
the  other  the  pipe  inlets  are  alternately  opened  and  closetl,  the  slip- 
head  of  the  piston  acting  as  a  valve  in  opposition  to  the  end  valves,  so 
that  both  strokes  of  the  piston  or  cylinder  discharge  the  blast,  making 
it  coustaat.  A  piston-rod  with  a  single  tulet  may  be  ased,  so  phiced 
that  the  slip  causes  it  to  appear  firai  on  one  side  of  the  head  uid  then 
on  the  other.  The  pump  is  calculated  to  be  worked  by  the  two  hands, 
one  hand  at  u,  holding  the  pistou  or  blast-pipe,  while  the  other  hand 
at  h  moves  the  cylinder,  «,  back  and  forth.  Where  this  sort  of  pump 
is  combined  in  machines  any  method  of  giving  reciprocating  motion  in 
sach  machines  will  answer  for  operating  it. 

in  this  connection  it  may  be  well  to  state  that  Mr.  Henry  Hunphnv 
ville,  of  Mouutvilie,  Pa.,  patented  in  1880, 1881,  and  1883,  (No.  251886), 
some  air-pumps  for  spray-dampeners,  the  latter  being  very  simple,  bnt 
not  specially  adapted  for  spraying  upon  plants,  since  only  the  old-ftoh- 
ioned  atomizing  principle  is  nsed,  and  not  in  snch  shape  as  to  discharge 
npward.  There  are  many  air-pumps  in  the  market,  but  such  as  are 
■peeially  needed  for  field  use  have  not  yet  appeared  in  the  trade.    That 
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ahowu  in  Plate  XXXV,  Fig.  2,  as  mana&ctured  b;  Mesars.  Rnmsey  & 
Co.,  of  Seneca  Falls,  2T.  Y.,  may  be  giveD  as  typical  of  tfaose  most  com- 
monly OB  sale.  It  is  susceptible  of  attachment  to  the  frame'  of  any 
vehicle  or  maobiae.  The'cyliader,  c,  lever-falcrum  and  pistoii-rod 
galde,  o,  are  attached  by  lags  to  the  board,  b.  The  brake,  ( I,  has  a 
linlF-shaped  pitman,  i  o,  communicatiug  its  motion  to  the  piston-rod,  r. 
At'«  is  the  discharge,  which  may  be  coupled  by  hose  or  otherwise,  with 
a  blast  feeder  and  its  distributing  accessories  for  dispersing  poison. 
Air-pnmps  for  other  purposes  are  noticed  below. 

D.— QKRBBATOR  BLOWERS. 
[Hate  XXXVIL] 

The  feeding,  atomizing,  and  distributing  devices  already  described  in 
other  kinds  of  blowers  may  be  operated  by  steam  blasts,  and  for  this 
puri>o3e  can  be  combined  with  any  ordinary  generator  that  will  snpply 
Tobime  enongh  of  steam  and  serve  therewith  as  a  force-medium.  Many 
special  examples  of  such  combinations  might  be  described,  but  only 
one  will  be  uotieed  as  appearing  iu  the  description  below. 

"  The  tiUinmann  Vaporizer. — This  was  invented  by  Mr.  Charles  Steiu- 
mann,  of  Napoleonville,  La.  (patent  No.  74165,  February  4, 1868).  Its 
character  may  be  thns  briefly  given  *  Stcaiu  is  raised  by  a  transportable 
steam-boiler,  and  issues  from  a  series  of  Jet  pipey  or  nipples.  At  the 
same  time  some  cheap  oil,  as  kerosene,  lard,  or  cotton-seed  oil,  is  made 
to  drip  &om  a  reservoir  over  the  orifices  from  which  the  steam  escapes. 
The  oil  is  thus  vaporized  and  envelops  the  row3  of  plants  between  which 
the  machine  is  to  be  drawn.  The  inventor  claims  that  the  vapor  l^ills 
the  worms  without  injaring  the  plant,  and  that  one  application  will  pro- 
tect the  field  for  the  rest  of  the  season,  and  that  his  invention  '  upon 
its  general  oae  will  finally  exterminate  every  tribe  of  insect,'  &c.  It  is 
hardly  necessary  to  say  that  the  two  latter  claims  are  Utopian  and*  ex- 
travagant. 

"The  following  is  a  description  of  this  machine  in  the  inventor's  own 
words ;  the  Plate  XXXVII,  Fig.  1,  being  a  side  elevation,  and  Fig.  2, 
a  rear  end  view  of  the  machine : 

"  A.  represents  the  KoeiTer  or  reservoir  to  contftin  tLe  oil,  and  B  a  fannel  Tor  snpply- 
ing  the  boiler  with  water,  and  which  oonaecte  direotlf  with  a  heater,  E,  that  ia  placed 
im  (op  of  tbe  Itoiler,  instead  of  with  the  boiler  proper,  in  which  heat«r  a  snpply  of 
water  is  always  kepi,  (o  be  heated  by  the  radiation  of  heat  from  that  part  of  the 
boileror  shell  of  the  boiler  on  which  it  rests.  The  iotecior  of  the  heater  is  connected 
with  the  interior  of  the  boiler,  F,  by  (wo  pipes,  H  and  O,  which  are  each  provided 
with  a  stopHiook.  By  this  mode  of  oonDe<>tioii,  the  water  in  the  healer  can  be  re- 
tained or  driven  int^i  the  boiler  at  pleasnre,  it  being  only  necessary  (o  lieep  the  oocbs 
closed  to  retain  it,  or  to  open  them  to  force  the  water  into  the  boiler.  The  latter  re- 
■nit  is  accomplished  by  the  pressure  of  the  steam  thruagh  pipe,  H,  the  water  Koing 
into  the  boiler  throngh  pipe,  0.  Wheneverthewaterie  thrown  oat  of  the  heater  into 
the  boiler,  the  former  ahoold  be  reQlled  thtoogh  the  fnnnel,  B,  the  atop-oock,  iu  the 
short  pipe,  R,  to  wftch  it  is  attached,  tieing  opened  to  allow  the  water  to  eDt«r.     Ob 
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topot  the  boUeiiAt  (omepoiat  botween  its  reiir  end  and  the  heater,  E,  a  perpendiculsr 
pipo,C,  ia  iDserttfd  into  it,  which  pipn  shnnld  bo  loog  eaoagh  to  oarrjr  its  upper  end 
to  a  height  Bomswhat  above  the  tallest  cotton-pi  an  ts.  The  pipe,  C,  ia  provided  with 
■  atop-cock,  D,  and  oonnecte  at  ita  apper  extremity  with  a  croaa-pipe,  H,  of  the  fona 
■a  showo  at  Fig.  8,  and  to  approach  very  ouar  the  gronnd  at  both  ita  ends.  In  tli*k 
portion  of  the  pipe,  M,  that  ia  horizontal  are  two  atop-cooks,  ono  upon  either  wde  of 
the  puiut  of  connection  with  pipe,  C,  which  serves  the  pnrpo«e  of  stopping  the  iaau* 
«f  steam  oither  ealirely,  or  upon  one  side  onl;  of  the  machine.  At  a  point  near  aod 
b«low  the  SeiQresor  elliows  of  the  pipe,  M,  at  which  it  turns  towards  the  ground, on 
both  aides  of  the  machine,  and  from  this  point  down  to  the  two  extremities  of  tin 
•aid  pipe,  at  abort  intervale,  are  inscrtad  small  abort  pipea.a,  which,  diminisMng  la 
•ize  to  their  exlremitice,  where  they  oome  very  neatly  to  a  point,  aerve  u  venta  or 
jets  for  the  eaoaping  ateam  when  the  machine  ia  in  operation.  Placed  alongaide  tb* 
pipe,  H,  iu  front  of  it,  and  in  contact  with  it  everywhere,  excepting  only  for  a  littla 
■pace  uearits  top  port,  wbei«  It  bends  Atrward,  as  shown  at  Fig.  I,  is  another  pipe, 
E,  exactly  oorreapoodlag  with  pipe,  M,  in  size  and  shape,  and  provided  with  tlw 
•unennmlMr  of  precisely  similar  jet-pipes,  a,  that  aro  so  placed  as  to  be  vzaotly  OT«r 
tlie  corresponding  jeta  in  pipe,  M,  that  ia  to  say,  at  their  extrenitiea.  Mid  in  tb» 
o}o8eat  possible  contact  therewith.  The  object  of  this  ia  to  inaure  the  dripping  of 
the  oil  over  the  orifices  boat  which  the  steam  uacapes.  Over  the  oeuter  of  the  nppar 
and  horixoutal  section  of  pipe,  K,  and  connecting  iherBwiCh  by  ashoct  pipe,  d,  is  placed 
the  reservoir  A  Ibr  oil.  Btop-cocks  in  the  pipe,  K,  near  to  and  upon  eaoh  side  of  Uw 
pipe,  d,  prevent  a  flow  of  oil  down  either  end  of  said  pipe,  K,  or  permit  it  to  flow  int* 
both  or  only  one  end,  as  occasion  mayreqnire,  at  the  pleasure  of  the  openttor-  A  plat- 
form in  front  of  the  boiler  or  furnace  ia  provided  on  which  a  supply  of  fnel  may  be 
oarriixl,  a  liglit  railing  oi  Uttice-giiard  on  the  sides  of  the  platform  prot«oting  it.  A 
driver's  scut,  F,  is  placed  on  this  platform,  under  which  a  vessel  of  oil  may  be  oarried, 
as  well  as  other  things  needed  in  the  operation  of  the  maohine.  This  inventioB  nay 
be  of  any  dimenXiODS,  to  be  dnwo  by  one  or  more  honu. " 
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CHAPTER    ZII. 

MAOHDraJBT  Am)  DEVICES  FOB  THE  DESTKUOTION  OF 

THE  WOEM.— Continued. 

ir.-^raEVMATIC  COKPRESSIOir  SaiTIBTEBS. 

Yarioos  devices  can  be  engaged  to  produce  air,  gas,  or  vapor  prea; 
■ore  upon  the  liquid  in  a  tight  reservoir  to  eject  the  liqaid  coDtalned, 
and  snch  pneamatic  compreasioa  ejectors  may  be  used  instead  of  force- 
pumps,  with  the  various  distributers  of  poison  to  constitute  ioaecticide 
machines.    These  I  have  clasaifled  under  four  subsections,  viz: 

1.  Expansion  generators.  2.  Botsry  force  blasts.  3.  Oscillating 
pDenmatio  bellows.    4.  Poenmatic  reciprocating  pumps. 

■XPANSION  aBITBBATOBS  OF  GAS,  HOT-AIB,  FTTWB,  OB  VAPOB  FBB88- 
UBB,  AS  inSEOTICIDE  SQUIBTBBS. 

[PlaM.  XXXV.] 

The  expansile  power  from  the  generation  of  these  states  of  matter  is 
mtitJEed  by  substituting  a  generator  for  the  force-pomp  or  bellows  of 
the  apparatuses  elae where  described.  In  such  combinations  I  httve  fonnd 
the  gas-pressure  process  to  work  very  satisfactorily.  By  the  methods 
set  fori:h  it  will  be  one  of  the  easiest,  most  economic,  and  most  effectual 
ways  of  applying  insecticides. 

Gas-pressure  generators  have  been  nned  with  great  success  in  small 
fl  re-ex  tin  guishera.  The  employment  of  these  or  similarly  coustriicted 
apparatuses  has  been  suggested  for  sqniiting  poison  on  crops.  The  ex- 
pense of  such  machines  and  their  chemicals  has  proved  too  great,  and 
there  is  in  their  operation  a  great  waste  of  the  gas,  and  of  the  chemicals 
which  does  the  crop  no  good  and  which  can  be  avoided  by  a  different 
method  according  to  which  the  gas  is  generated  and  its  pressure  ap- 
plied for  squirting  poison  in  a  more  economic  manner.  By  fire-extin- 
guishers the  chemicals  and  the  gas  itself  are  partly  squirted  awny  with 
the  liqnid.  These  are  not  mixed  with  the  liquid  in  the  generator  which 
my  experiments  led  me  to  prefer.  The  gas  is  passed  in  on  top  of  the 
poison,  pressing  it  downward  in  the  barrel  or  reservoir  from  the  base 
of  which  it  squirts  ont  through  a  simple  or  branched  pipe  or  pipes  and 
their  terminal  nozzles. 

Carlmmcanhydrideis  the  mostcheaply  and  easily  madeandnsed.  This 
is  best  prepared  by  the  action  of  sulphuric  acid  on  bicarbonate  of  soda. 
Oftrbonates  of  lime,  as  marble  dnst,  &o.,  and  vinegar  or  other  adds 
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may  be  used,  bat  salphurie  acid  and  the  bicarbonates  are  cheaper  and 
better.  Tbe  salpharicacid  retails  at  about  5  cents  per  pint  j  wholesale, 
2^  centa.  Marble  dust,  so  exteasively  used  in  preparing  soda  water, 
is  the  chea[>6»t  carbonate,  costiog  only  1  oeut  per  pound,  but  is  not 
economical  in  these  small  generators  in  view  of  its  balk  and  slowness 
of  action.  The  bicarbonate  of  soda,  n^hiob  works  best,  sells  in  quanti- 
ties at  4  conta  per  pound.  After  decomposiug  it  the  residue  is  sodic  sal- 
phate  or  G-Uuber's  salts,  which  has  a  little  value  (about  1  cent  per  pound) 
and  may  be  saved.  My  experiments  indicate  that  1}  pouudo  sulpbnric 
acid,  $0.07,  to  2  pounds  bicarbonate  of  soda,  $0.08,  total,  $0.15,  mixed, 
will  squirt  40  gallons  6  feet  hi^h  over  I  acre  at  a  cost  of  15  cents. 
Forty  gallons  is  the  amount  of  water  which  has  heretofore  been  applied 
to  the  acre;  but  I  have  shown  that  an  acre  may  be  poisoned  by  one- 
third  this  quantity  with  my  eddy  jets,  which  reduces  the  above  cost  of 
chemicals  aud  labor  to  about  5  cents  per  acre.  This  iaclndes  the  labor 
since  the  driver  can  easily  attend  to  the  generator.  Where  the  reser- 
voir is  high,  and  when  the  cotton  is  of  average  height  or  lower,  a  part 
of  this  chemical  force  aud  expense  will  cot  be  necessary.  Also  the  acid 
will  cost  only  one-half  the  above  price  if  bought  at  wholesale  rates,  as 
it  can  be  where  several  pounds  are  needed  which  almost  invariably  is 
the  case  on  onlinary  plantations  and  large  ones.  Thus  the  gas-pres- 
sure process  is  made  economic,  and  Indeed  very  cheap.  The  ease  of 
this  method  also  strongly  commends  it.  The  management  of  the  gen- 
erator involves  almost  no  labor  at  all.  It  can  be  attended  to  by  the 
driver  without  stopping  and  no  assistance  is  needed.  The  appliances 
designated  below  settle  tbe  question  of  pi^ticability. 

Since  ordinary  tight  reservoirs  with  branching  pipes  and  nozzles,  as 
have  been  already  described,  can  be  used  in  this  process  for  distributing 
the  liqnid  it  will  be  in  order  at  once  to  give  special  attention  to  the  ap- 
paratus and  materials  for  generating  the  pressure. 

The  generator  need  not  be  expensive,  and  for  the  slight  pressure  re- 
quired in  sprinkling  the  under  surfaces  of  plants  great  strength  or 
weight  is  not  necessary,  while  a  large  sheet  metal  can  or  stout  barrel 
serves  as  a  reservoir.  Beer,  wine,  whisky,  or  kerosene  barrels  answer. 
Tbe  generator  consists  of  two  chambers,  one  for  the  acid,  the  other  for 
the  substance  it  is  to  act  upon,  and  80  arranged  that  by  tipping  one  or 
both  of  the  chambers,  or  by  adjusting  a  shut-off  between  them,  one  of  the 
materials  can  be  fed  into  tbe  other  in  any  proportion  or  at  any  momenj 
desired,  to  control  the  pressure  at  will.  These  chambers  may  be  con- 
nected end  to  end,  side  by  side,  or  one  partially  or  totally  inside  the 
other,  or  otherwise.  In  small  generators  they  onght  to  carry  at  least 
enough  chemicals  to  eject  forty  gallons;  that  for  pure  or  diluted  ncid 
having  a  capacity  for  one  quart  or  two  pounds  or  more,  and  the  other 
for  the  carbonate,  or  carbonate  and  water,  to  hold  two  or  three  qnart«, 
since  it  is  better  to  have  tbe  carbonate  in  excess  and  to  add 'enough 
water  to  wet  it  thoronghly.     A  simple  plan  is  to  put  the  acid  in  an  au- 
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corked  bottle,  or  other  vessel,  coatained  in  a  larger  tight  jar  or  veasel 
with  the  bicarbonate  between  tlie  two,  so  that  by  tipping  the  whole  more 
or  less  of  the  acid  is  turued  into  the  carbonate. 

Plate  XXXV,  Fig.  3,  shows  a  plan  for  generators  of  this  kind,  in 
which  the  a<^d  bottle,  a,  in  the  interior  is  surrounded  by  the  bicarbonate, 
b,  in  an  ordinary  two-qaart  frait  jar  with  a  lead  screw-cap  perforated 
by  the  outlet  spout,  e,  for  exit  of  the  gas  which  is  coodacted  through 
the  hose,  h,  into  the  top  of  the  Uarrel  or  reservotr  containing  the  poison. 
By  having  the  two  chambers  thus  compactly  conjoined  the  apparatns 
is  simple  and  handy  as  a  small  generator. 

But  there  are  certain  advantages  in  having  the  two  chambers  separate 
and  connected  by  means  of  a  flexible  tube,  and  this  constractiod  is  »>urely 
oue  often  to  be  preferred  for  large  generators,  when  a  cheap  home-made 
apparatus  is  wished.  The  abort  piece  of  flexible  tabiag  should  be  of 
good  rubber,  and  although  the  acid  corrodes  it  somewhat,  it  will  endure 
for  oue  season  at  least,  when  a  new  piece  cau  be  substituted  at  a  tiifling 
cost.  Fig.  i  in  plate  XXXV  shows  this  apparatus.  The  jar,  (,  contains 
the  bicartwnate,  b.  Its  screw-cap,  (,  is  made  of  lead.  From  this  is  a 
lead  outlet  tube,  e,  coopled  to  the  reservoir,  r,  of  poison,  p.  The  cap  is 
also  perforat«-d  by  the  lead  tube,  J,  coupled  to  the  Lose,  ft,  leading  from 
the  acid-bottle,  a.  The  latter  is  to  be  elevated  and  inclined  by  oue  hand 
to  poor  the  acid  into  the  bicarbonate.  Thus  at  intervals  a  few  minutes 
apart  a  little  acid  is  added.  When  the  driver  sees  that  the  spray  is  not 
going  aa  high  as  desired  he  applies  a  little  splash  more  of  the  acid  to 
increase  the  pressure.  This  is  one  of  the  easiest  ways  in  the  world  for 
spraying  poison.  It  is  really  more  pleasure  than  labor.  In  the  gen- 
erator, t  bf  considerable  heat  is  evolved  and  it  will  often  become  too  hot 
to  be  bandied.  On  this  account  it  had  l)etter  he  so  fixed  that  it  ne«d 
not  be  touched  and  its  temperature  may  be  kept  down  by  keeping  it 
wet  It  is  easily  hauled  or  carried  in  a  bucket  containing  some  water 
with  a  little  sott  packing  material  beneath  and  around  it.  The  less  the 
amount  of  water  mixed  with  the  bicarbonate,  the  less  heat  will  be  gen- 
erated, but  enough  water  should  be  employed  to  wet  the  soda,  other- 
wise the  sodic  snlpbate  formed  by  the  chemical  process  arises  as  a  crnst 
and  keeps  the  acid  from  reaching  the  remainder  of  the  bicarbonate, 
thus  retarding  or  stopping  the  generation  of  gas. 

These  pressure  generators  are  cheap,  of  simple  construction,  easily 
understood  and  osed  by  any  oue,  while  the  action  is  under  perfect  con- 
trol, and  danger  from  bursting  does  not  exist.  There  is  no  need  of 
putting  in  too  much  acid  and  running  the  pressure  too  high. 

The  rubber  gum  hose  is  stout  enongb  to  squirt  the  poison  as  high  aa 
needed,  bnt  the  gam  will  give  way  and  burst  before  a  pressure  if  any 
danger  is  attained.    Thus  there  is  nothing  to  fear  from  explosions. 

The  add  is  a  very  ipjurions  poison  and  should  be  bandied  with  great 
diacretion ;  but  the  bicarbonate  osed  with  it  is  always  at  band  as  a  sure 
antidote,  and  on  the  ground  of  its  being  dangerous  the  acid  is  no  more 
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injurious  or  objectionable  than  Paris  green,  other  arsenical  poisons, 
hellebore,  &c.,  which  are  in  commoD  use.  The  salphnrio  acid  should 
be  labeled — 


POISON  1 1 

SnZJ>HIJBIO 

Acro. 


a 


In  case  It  gets  upon  clothing  it  bams  a  hole  through,  and  shoald  be 
treated  quickly  with  bicarbonate  of  soda,  hartshorn,  or  soap.  When 
upon  the  skin  the  same  may  be  applied  or  it  can  be  washed  off  quickly 
by  water,  but  if  by  accident  it  be  drank,  avoid  taking  water,  hut  avaWaw 
quickly  either  raw  eggs,  any  albamineas  substances,  qarbonate  of  mag- 
nesia, of  calcium,  of  potassium,  or  of  soda  j  also,  chalk,  8oap,or  wbitingin 
milk  mny  answer;  bntflually  in  all  cases  oil  should  be  taken  in  full  dose. 
The  acid  ougli  t  never  to  be  left  in  a  vessel  such  as  a  child  or  grown  ]>eTS0D 
might  suppose  to  coutnia  water  or  some  beverage ;  also  a  caril  bearing  all 
the  above  instmctionsonght  to  be  given  with  each  vessel  containing  the 
acid,  and  be  always  carried  with,  but  not  in  contact  with,  the  vessel  or 
the  acid  which  would  destroy  it.  The  materials  for  penerators  are  pref- 
erably glass  or  lead,  substances  which  are  not  impaired  by  the  acid. 
Olass  is  liable  to  breakage,  but  very  stout  glass  may  be  nsed  and  it  is 
more  satisfactory  tobeableto  see  the  interior  readily  to  observe  the  action 
and  qnantitips  of  the  substances  within,  and  especially  the  amount  of 
acid  being  poured.  To  render  the  glass  less  likely  to  break,  each  vessel  is 
protected  by  a  frame  to  deaden  the  impact  of  any  blows  it  may  receive. 
The  vesxcl  is  guarded  us  lanterns  are  by  a  metallic  frame,  or  as  coal- 
oil  cans  are  now  made  of  glass  with  corrugated  sheet-metal  cages,  as 
carboys  are  by  a  network  of  cordage,  as  demijohns  are  by  wicker- 
work,  though  preferably  of  a  more  open  character.  Bnt  simple  womlen 
encasements  are  easily  made  of  end-blocks  connected  by  loDgiludinal 
filets,  as  in  Plate  XXXV,  Fig.  4a,  or  otherwise.  When  eirher  vessel  or 
■  chamber  is  mad©  of  metal  it  is  preferably  a  lead  cylinder,  tubt',  bottle, 
or  can.  Although  any  metallic  acid  receptacle  is  necessarily  of  lead, 
that  for  the  generator  is  kept  alkaline  by  the  excess  of  bicarbonate  in 
it,  so  it  corrodes  far  less  and  endures  a  long  time  of  whatever  metal  it 
be  composed.  There  are  several  ways  in  which  the  apparatus  is  made 
of  metal,  and  some  of  these  must  be  noticed  briefly.  A  goo<l  metallic 
chamber  as  acid  bottle  or  generator,  or  both,  is  made  of  a  cylinder  or 
section  of  pipe  constructed  to  open  at  one  or  both  ends  b^  a  plug  or 
cap.  A  screw-cap  is  generally  preferable.  Beneath  it  a  packing  ring 
or  plate  may  be  clamped.  This,  if  iron  be  ased,  will  keep  the  aoid 
from  eating  the  screw-thread  and  the  other  thick  parts  of  the  iron  en- 
dure a  long  time.  The  cap' is  perforated  by  a  tabe,  or  tubes,  to  com- 
municate with  the  other  vessel  or  vessels. 
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Several  yoara  ago  while  teaching  cbemiatry  I  made  a  gaa  gentTator 
on  this  plan,  and  it  gave  perfect  satisfactioa.  Where  other  gases  are 
ased,  such  as  are  geuerated  by  heat,  sach  a  metal  generator  is  very 
esseotial.  The  geDerator  chamber  needs  to  be  cleared  out  or  charged 
ocoasiooally,  aud  this  is  Dot  easily  accomplished,  unless  its  end  opens 
entirely  by  a  removable  plug  or  cap.  The  metal  chamber  can  be 
roaghly  jarred  or  gouged  out  with  no  resnltaat  breakage.  The  acid 
chamber  ought  preferably  to  have  its  neck  or  mouth  provided  with  a 
metallic  lead  cock  or  other  secure  non-corrosible  shat-off  device. 

EOTAET  POEOB-BLAST,   COMPEE88IOK  EJECTORS. 

The  rotary  force  blast  blowers  have  not  yet  been  utilized  in  inseota- 
<»de  machines. 

OSaiU.ATINa  BELLOWS,  PNEUMATIC  OOMPBE8SION  EJE0T0B8. 
[Plate  SSXV.] 

The  bellows  recommended  for  blowing  powder  and  atomizing  liquids 
can  also  be  used  for  producing  air-pressure  in  a  tight  reservoir  to  eject 
the  liquid  contained  ;  aud  iu  this  way  may  serve  as  a  substitute  for  a 
force-pump  or  gas  generator.  The  bellows  shonid  be  small  and  very 
strong,  that  an  unusual  amount  of  power  may  be  ap|>lied  to  do  this 
work.  In  order  to  avoid  resnction  of  the  blast  l>ack  into  the  bellows 
and  to  be  able  to  produce  a  constant  condensation  in  the  reservoir  an 
excunent  valve  Irom  the  bellows  must  he  interposed  between  it  and  the 
reservoir.  By  such  means  parties  having  a  bellows  for  atomizing  can 
also  apply  it  as  a  machine  to  squirt  liquid  for  poisoning  or  irrigating, 
&c,  and  its  notice  here  may  in  some  cases  prevent  the  purchase  of  a 
force-pump  when  not  necessary.  Also  experiment  witb  such  devices 
may  show  that  they  are  preferable  to  pumps  in  some  squirting  machines. 
Since  many  prefer  the  application  of  dry  powder  in  rainy  weather,  and 
of  wet  poison  in  dry  weather,  sach  parties  can  make  a  bellows  answer 
for  both  methods.  The  bellows  may  be  worked  beneath  the  foot,  and 
the  weight  of  the  operator's  body  can  thus  be  osed,  which  will  be  found 
more  pleasant  than  the  exertion  of  arm-power.  Machines  for  squirting 
by  bellowB-pressure  are  now  articles  of  trade,  and  in  use  chiefly  for 
forcing  beer,  &o.,  from  barrels.  So  far  this  use  of  the  ordinary  bellows 
only  promises  to  be  practical  whe^e  small  pressure  will  auswer. 

The  simple  process  is  indicated  in  Plate  XXXV,  Fig.  5.  The  bellows, 
V,  operated  by  the  lever,  by  foot,  by  hand,  or  machinery,  discharges 
through  its  excarrent  valve  and  the  pipe,  k,  into  the  top  of  the  barrel,  r, 
whereby  the  air  compressed  in  r  forces  the  liquid,  p,  downward,  causing 
its  ejection  through  the  outlet  tubes,  »  or  m-m.  Nozzlea,  ss,  may  be 
connected  to  the  outlet  tubes  in  any  suitable  number  or  by  any  system 
of  couplings  or  pipes.  There  are  other  ways  of  combining  the  bellows 
witb  the  reservoir,  bat  only  one  simple  illostratioa  can  be  given  hers. 
63  OOKO 17* 
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EECtPBOOATINa  OR  PISTONBD,  PNEUMATIC  SQUIETEBS. 
[PIat«B  XXXV  to  xxxvn.] 

Iq  each  apparatos  as  haa  jast  been  alluded  to  for  squlrtiog  liqnid  b* 
prodDciog  air-preaaur«  upon  it,  a  piston  air-pnmp  may  be  Bubstitatol 
in  place  of  tlie  bellows  or  generator.  Indeed,  tbe  air-pnmp  is  a^modi 
powerfnl  mscbine  for  this  work,  and  is  preferable  to  ordinary  oscillat 
ing  bellows  where  high  pressare  is  desired.  On  the  other  hand  air 
pumps  have  been  more  expensive.  One  reason  for  this  is  because  their 
mechanical  ezecntiou  involves  very  accurate  turning  and  fitting.  But 
they  mHy  be  made  in  a  cheaper  simplified  style,  available  for  squirtinfr. 
as  has  already  been  showu  in  my  pamp,  illustrated  in  Plate  XXXV, 
Fig.  1,  and  explained  on  page  — .  That  pump  is  operated  in  the  p& 
«ition  shown  by  seizing  its  side  bandies  with  both  hands  and  thus  mot- 
ang  the  cylinder  up  and  down.  The  same  is  also  worked  substitotivel? 
by  machinery,  by  a  lever,  or  by  n  single  or  donhle  acting  )>eda1.  Wbeo 
the  single-acting  pedal  is  employed  it  is  espeutally  of  value  to  use  a 
large  spiral  spring  inside,  to  canse  tbe  return  stroke  by  its  recoil. 

An  inverted  air-pump,  worked  by  a  pedal  linked  to  (he  piston-rod 
And  having  pipe  connections  with  a  harrel  for  forcing  out  beer,  &c,  is 
manufactured  by  the  Worswick  Manufacturing  Company,  Cleveland. 
Ohio,  and  is  sold  under  the  name  "  Bellows  No.  2." 

Also  an  apparatus  available  for  similar  purposes  is  mauoiUctured  by 
Mr.  H.  Weindel,  of  405  North  Fourth  street,  Pbiladelpbia. 

Air-pumps  that  may  be  used  in  combination  with  squirting  apparat- 
nses,  and  worked  by  hand-lever  or  crank,  are  manufactured  by  Messrs. 
Bamsey  &  Co.,  of  Seneca  Falls,  Jf.  Y.,  and  Messrs  W.  &  B.  Douglan, 
■of  Middletown,  Conn.  They  are  strong  and  show  good  workmanship. 
Oae  of  the  simplest  and  cheapest  o£  these  is  that  illustrated  in  Plate 
XXXV,  Fig.  2,  and  described  above.  Its. spout,  s,  and  the  barrel,  r, 
-should  be  connected  to  the  pipe,  ft. 

An  int^esting  machine  of  this  class  is  that  patented  (No.  200376) 
February  19, 1878,  by  Mr.  W.  ,f.  I>aughtrey,  of  Selma,  Ala.  Concem- 
Bug  it  and  the  matter  quoted  below  from  Bulletin  No.  3,  tbe  following 
ishould  he  added.  His  patent  papers  mark  an  important  epoch  in  tbe 
ihistory  of  the  methods  of  poisoning  the  Cotton  Worm,  since  they  em- 
body the  first  presentation  published  or  on  record  of  the  idea  that 
jKrison  should  be  applied  to  the  under  surfaces  of  the  cotton  foliage,  and 
in  the  finest  spray  possible.  These  ideas  are  there  set  forth  iu  tb« 
strongest  manner  by  Mr.  Daughtrey  in  the  following  language : 

■"As  tho  lower  eUles  of  the  plant-leuves  are  f^nerally  infeated  by  the  venniD,  Ibf 
nozzles  ore  soamtDged  kb  tofurcu  tbeii  Buo  aprafBDpward,  bat  the;  may  vith  litUr 
labor  bo  Bet  or  arrauged  to  doliTer  their  sprayB  aluiost  in  any  direction  desirable.  At 
tbe  loirer  sides  uf  the  leaves  are  moro  busuuptible  of  retaining  moiiitare,  my  method 
•if  forcing  tbe  poisonoiia  Bjiray  npward  vrill  suit  tho  m^oritj  of  cnses,  aB  the  purfxnv 
IB  to  keep  the  poison  in  direct  contact  w^h  the  food  of  tbe  vermin,  and  bo  insnre  Ihr 
flcBtrnction  of  tbe  latter.  •  •  *  I  am  airare  that  sprinklers  have  been  made  «nil 
n«ed  for  Bpriuklingr  plants,  bnt  iu  snch  cases  the  shower  of  dibps  IB  too  heav;  to  b* 
retained  by  the  plantfl,  and  couseqacntly  tbe  greater  part  St  tbe  shower  glides  off  IW 
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leavoB  and  is  dspwlted  in  the  gronnd  wUioh  in  thereby  poieoiied  bod  TBndereit  unlit 
fortbe  Krowtbofthe  plftatB,  whilu  the  waat«  of  labor  and  mataTial  c»nbardl;bcvi>iii- 
pensat«<l  by  the  benefit  of  Bach  a  mode.  FiaeBbowerswithouCariiflc  alprea^urobavo 
also  been  adopted ;  bat  by  this  mode  the  spiall  drops  h»v«  not  enoagh  power  to  peit- 
I'trata  the  miuDte  far  or  other  protoctLTO  coverings  or  eoatinga  of  the  ander  aiile  of 
the  le«T«a,  ftndcODBeqneiitlyBconiDulateaiid  formdropa  too  large  to  be  austained  by 
lliu  leavea,  and  ao  fall  to  the  groand,  Sucih  fine  ahowera  have  beoa  created  by  meauit 
iiriiDe'orificeq  which  aie  easily  obstructed,  and  deliver  bat  a  very  Bniall  quantity  of 
liqaid.  The  openiaga,  «<,  in  my  Imptoved  uossle,  Tf ,  are  large  in  comparison  witb  the 
aforesaid  orifloea  and  deliver  a  great  qnsntity  of  liqnid,  so  that  tbe  macbine  may  be 
moved  at  the  uaual  gait  of  the  team  without  failnre  of  the  Deoesiiary  aapply.  The 
aprayprodnoedbythetivoiQcIiiieditreamameetiiigoatside  of  tbe  nozzle,  N,  is  at  once 
copioas,  powerfol,  and  extremely  fine,  the  latter  especially,  because  the  email  drops 
created  by  the  conclusion  of  tbe  two  streams  spread  in  every  direction,  while  in  a 
small  single  orifice  they  propel  one  another  in  only  one  line  and  in  close  snccession.*' 

So  one  ever  stated  or  demonstrated  the  moderu  true  theory  of  treat- 
ment for  the  Gottou  Worm  more  fully  and  clearly  thaa  did  Mr.  Daujfb- 
troy,  it8  originator.  Indeed,  no  advance  whatever  was  made  in  this 
particalar  direction  of  spraying  f^m  beneath  until  after  I  was  em- 
ployed by  Professor  Kiley  on  the  United  States  Entomological  Commis- 
sion. The  problem  of  thus  spraying  from  beloiv  with  simpler  and  more 
satisfactory  methods  was  one  that  he  had  at  heart  and  with  which  I 
was  charged,  and  have  labored  at  not  only  while  on  the  titaff  of  the 
Comfflission  bat  subseqnently  during  my  leisure  time  and  vacation 
wliile  acting  professor  of  entomology  and  invertebrate  zofilogy  at  Cor- 
nell nutversity.  In  fact,  the  more  compound  machines  described  in  paitA 
of  this  report  were  invented  and  bailt  while  I  was  in  Ithaca  and  during 
which  time,  thongh  the  cost  of  mat(;rial  and  construction  was  i>aid  for 
by  the  commission,  I  received  no  pay. 

By  the  results  as  exemplitled  in  this  report  it  is  shown,  contrary 
to  Mr.  Danglitrey's  recorded  views;  (1)  That  tbe  largest  discharge- 
outlet  for  the  finest  spray  is  attained  otherwise  than  by  the  two  con- 
verging jets ;  (2)  that  instead  of  two  descending  hooked  pipes,  or  one 
carried  twice,  one  in  each  interspace  between  the  rows  is  preferable 
and  to  use  descending  Y-foi'l's  and  one-fourth  us  mauy  or  one  with 
two  sprays  in  each  alternate  space  will  answer  j  (3)  that  whether  the 
convei^ng  jet  outlets  or  any  reverbratory  chamber  outlet  or  ontlets 
,  for  the  jets  be  used,  tbe  opening  is  best  made  laterally  tbrout^b  the 
wall  of  the  tnbe  and  not  directly  from  its  end,  but  most  preferably  from 
the  wall  of  a  reverbratory  cavity,  or  from  the  side  of  the  inlet  thereto. 
His  machine  also  introduces  in  insect  destroyers  a  new  method  of 
keeping  the  poison  mixed  with  the  water,  expressed  as  follows : 

"  In  lea-ring  the  openings,  P,  the  air  makes  Its  way  np  throagh  the  water  in  the  barrol, 
and  produeea  a  cootinnoQB  and  powerfnl  agitation,  whereby  the  water  la  thoronghly 
combined  with  ite  poiaonous  admixtnKS." 

Mr.  Daoghtrey  has  shown  much  ingeuaity  and  mechanical  skill  in 
tlie  machine  which  he  invented,  to  embody  his  ideas.  He  had  developed 
the  right  otyects  in  his  mind,  but  introdaced  in  bis  machine  compUca- 
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tioQ  of  straotare,  ezpeBsiveness,  and  also  some  other  featnm  whi^ 
have  preveoted  it  from  coming  into  the  market.  It  Is  an  early  attempt 
to  introdace  air-pumps  and  air-pressnre  ta  cotton-worm  destroyers. 

A  pair  of  air-pomps  are  aeed,  but  nothing  new  is  claimed  for  their 
coQStraotion.  The  artangement  for  producing  the  spray  is  the  old- 
foshioned  gaa  jet,  irfaich  was  also  patented  in  1878  by  Hr.  AdoliA 
Weber,  of  Detroit,  Mich.,  as  a  nose-piece  for  spraying  water.  The 
nozzle  is  presented  in  Plate  XY,  Fig.  5,  and  its  description. 

The  following  appeared  In  the  first  edition  of  this  work,  concerning 
Hr.  Danghtrej's  invention: 

■'The  DAUaHTBET  Atouizeb.— There  still  remains  one  machine 
to  be  described  in  this  connection  which  is  highly  interesting  for  several 
reasons :  1st,  becaose  it  is  the  only  one  actually  in  nse  for  the  distrib- 
ating  of  the  liquid  from  below ;  2d,  becaose  the  constmctioo  of  the 
pamp  is  qnite  peculiar;  and,  3d,  because  the  arrangement  for  produc- 
ing the  spray  is  not  only  entirely  different  from  any  described  in  the 
foregoing  pages,  but  also  most  simple.  This  machine  was  invented  b,T 
Mr.  William  J.  Daughtrey,  of  Selma,  Ala.  (patent  Ko.  20a373,  February 
19, 1878).  The  accompanying  sketch  (Plate  XXXVI)  represents  it  as 
it  appears.  It  consists  in  the  maio  of  a  pump,  which  is  made  self-op- 
eratlug  by  means  of  a  pulley,  and  which  forces  air  into  tbe  receiving 
tank  and  into  a  compression  cylinder  connected  therewith,  thus  sapply- 
ing  the  pressure  necessary  for  tbe  production  of  the  spray.  As  will  be 
seen  from  the  sketch,  a  transverse  distributing  pipe  is  connected  with 
a  nnniber  (four  in  tbe  sketch)  of  vertical  pipes  recnrred  at  the  ends, 
which  receives  the  nozzles,  one  of  which  is  represented  in  section  in 
Plate  XXXVIl,  Fig.  5.  The  nozzle.  N,  which  is  screwed  onto  the  pipe, 
has  a  closed  end,  n,  provided  with  two  openings,  n',  oppositely  iniJined, 
so  that  the  jets  delivered  through  tUem  meet  at  a  point  near  n  and  de- 
flect and  disperse  each  other  so  as  to  form  an  extremely  fine  spray. 
The  openings,  n^,  are  large  enongh  to  avoid  being  obstructed  by  small 
obstacles,  and  the  spray  produced  by  tbe  two  inclined  jets  is  at  once 
copious  and  powerful. 

"  Tbe  following  is  a  more  detailed  description  of  tbe  machine,  very 
much  in  the  inventor's  own  words,  Plate  XXXVIl,  Fig.  9,  being  a  ver- 
tical section  and  Plate  XXXVIl,  Fig.  3,  a  detailed  view  of  the  axle-  * 
tree,  showing  the  parts  connected  therewith  in  section ; 

"In  the  drBWingB  A  repreaeiitB  the  frsme  of  a  Tehfcle,BB  the  wheels,  and  CC*  tbe 
two  oilag  oonstituting  the  azietree,  which  h&Te  their  bearing*,  o,  fa«t«Ded  below  the 
ftame,  A.  Between  the  beatings,  e,  the  Ailes,  C  C,  are  piovided  with  shonlders,  r. 
whereby  they  are  prevented  fWitB  parting  with  each  other  loDgitndinally,  while  a 
eooket,  <f,  at  the  inner  end  of  the  a^tle,  C,  Incloses  the  inner  end  of  the  axle,  C,  and 
thereby  prevents  both  axles  from  moving  out  of  line.  The  two  said  axles  may  be 
coupled  by  means  of  a  piu,  c',  ioserted  into  the  socket,  o',  and  axle,  C,  bnt  nsnally  His 
omitted,  and  the  axles,  C  C>,  are  allowed  to  levolve  independently  of  each  other.  Tbe 
hnba,),  of  tbe  wheels,  BB,  are  provided  with  iet-sonws,Ai,  or M)Dpluig-pina,t*,(«witb 
both,  in  order  tofiMten  then  to  the  axles,  CC'.    Thenseof  theset.Mrew,  f,aBdpia,ii, 
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Dtajbe  diapenaed  with  to  allow  tin*  wheeUtoTonlcKMelyoii  the  Axle,  iu  which  uae  * 
ooltw,  C,  is  piftoad  on  either  aide  of  the  hub,  b,  with  a  Mt-Mrew,  e*,to  keep  the  wheel 
from  eliding  loDgitndinallf  on  ita  axle.  The  desoribed  application  of  the  wheels, 
B  B,  to  their  axles  Mirea  to  enable  the  operator  t«  set  them  at  any  distanoe  apart 
lequired  to  anit  the  diatanee  apart  of  the  lowa  of  any  field  to  be  operated  ttpon. 

"The  McIe.C,  is  prgrided  with  a  pulley,  D,  which,  bymeansof  abelt.driTeaapnllBy 
oo  one  end  of  a  ebatt,  «.  The  shaft,  e,  mus  in  bearings,  «>,  fastened  to  the  top  of  th« 
frame.  A,  aad  has  a  poUey,  E',  at  the  other  end,  whioh,  by  means  of  a  belt,  ^,  diiTea 
apQlley,  F,  oa  a  shaft, /.  Hie  shaft,/,  iseeonred  in  a  central  position  to  theendf  of 
a  barrel,  Q,  by  means  of  stafBng'boxes,  sod  inside  the  barrel,  O,  is  provided  with  a 
nnmbei  of  agltator-arma,  /■,  for  the  pnrpiMe  of  etimng  the  contents  of  the  barrel. 

"  The  ahaft, «,  is  also  provided  with  an  eocentrio,  U,  which  opera tesa  pamp,  I,  of  ordi- 
nary cooatruotion.  The  sapply-pipe,  t,  of  the  pnap,  I,  ia  adapted  to  have  a  hose 
attached  to  it  when  water  ia  to  be  pumped.  Hie  diaoharge-pipe,  1',  of  the  pamp,  I, 
paesea  throngh  the  barrel,  G,  near  its  bottom  part,  and  is  closed  ap  at  the  end  with  a 
ptag,  which  ia  removed  when  the  pipe  Is  to  be  cleared. 

"  Within  the  baml,  G,  the  pipe,  P,  la  provided  with  perforations,  ?,  throngh  which 
either  ail  or  water,  as  the  case  may  1>e,  is  forced  by  tlM  pnmp,  I,  into  the  barrel,  Q. 
The  barrel,  G,  is  provided  with  an  opening  in  its  top  part,  Ihroogh  whieh  its  charge 
iH  Happlied,  and  which,  during  the  operation  of  the  machine,  is  oloeed  with  a  tcrew- 
P'igt  9-  1'ii^  barrel,  O,  coDunnnicates  with  an  air-veaael,  J,  by  means  of  a  pipe,  E, 
which  haa  a  valve  or  oook,  B,  for  the  pnrpoae  of  stopping  anoh  commnntoatlon  when 

"The  air-veaael,  J,  haa  a  spring  safety- valve,j,  of  common  aonatrnotlon,  whioh  pre- 
vents the  boietiDg  of  the  barrel,  Q,  and  the  veasel,  J,  by  too  great  a  pressure  of  air. 
A  cock,  J',  at  the  bottom  of  the  vessel,  J,  serves  to  let  off  water  accidentally  deposited 

"From  the  bottom  of  the  barrel,  Q,  a  pipe,  L,  cendncta  the  charge  of  said  barrel  to 
a  distributing-pipe,  U,  whioh  is  provided  with  a  number  of  small  pipes  which  are 
connected  with  the  nosttes,  N,  already  described. 

"  The  operation  of  this  machine  is  as  follows :  The  l>arrel,  O,  is  filled  with  the  liquid 
eitber  through  its  upper  opening,  or  while  the  machine  ib  statioaar; ,  by  throwing  the 
Iwlta,  Dand  ^,  oS  the  pulleys  and  operating  the  pump  by  taming  the  shaft,  e,  by  means 
of  crank-handles.  For  this  pnrpose  the  pomp  is  provided  with  a  hoM,  at  >,  for  llFtiog 
the  water  from  a  pond  or  well  near  by.  When  the  msobine  ia  in  motion  the  eccentric, 
H,  on  the  aliaft,  e,  operates  the  pump,  I,  which  farcea  air  Into  the  barrel,  G,  throngh  the 
epeoinga,  P,  of  the  pipe,  i'.  In  leaving  the  openings,  P,  the  air  makes  it  way  up  through 
the  water  in  the  barrel,  and  produces  a  conliunous  and  powerful  agitation,  vrhereby 
th«  water  is  thoroughly  combined  with  its  poisonons  admixtures.  The  air  is  ted  from 
the  barrel,  Q,  throngh  the  pipe,  S.,  Into  the  air-vessel,  J,  ttom  which  it  exerts  its  pres- 
lure  npon  the  snr&ce  of  the  water.  When  a  snfBcient  jireaaure  ia  obtained  the  stop- 
ooek,  0,  is  opened,  whereby  the  water  is  forced  iuto  the  pipes,  L,  H,  and  m,  and  theace 
through  the  uoulea,  S.  If  the  presaaie  of  air  within  the  baml,  O,  and  the  air-vessel, 
J,  becomes  too  great,  the  Horplos  is  let  oQ'  by  the  tiafoty- valve,  j,  into  the  air.  At  the 
<ani6  time  the  pnlley,  ^,  moves  the  ahafl,  /,  and  the  agitator-arms,  /",  whereby  the 
■gibtionof  the  liQnid  by  the  air  forced  throngh  tbeopenlngs,{*,  is  inerosoed  in  force." 

T.— SOLID  OOKFSBSSIOH  SQUIKTEBS  OF  F0I80H. 

Id  this  groap  is  incladed  (1)  Rotary  force-pumps,  (2)  Hydranlic  bellows, 
(3]  OBciUatiog  force-pumps,  and  (4)  Reciprocating  force-pumps. 

KOTABY  FOBCS-FUUFS    , 
have  not  yet  been  made  cheap  enongh  to  compete  with  those  of  group 
No  4,    On  accoant  of  producing  a  steady  or  nnioterrDpted  discharge 
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and  reqairing  no  dead  points  in  their  operatioD  they  voald  be  desirable 
especially  in  large  borse-power  macbiaea,  yet  I  thiak  the  general  results 
of  past  ext>erieuce  with  them  for  otber  purposes  shows  that  they  aro 
less  durable  than.the  common  reciprocating  pistoned  pamps. 

HTDEATJLIC   BELLOWS. 

The  hydraulic  bellows  are  closely  related  to  oscillating  pumps,  but  do 
not  require  the  packings  nliicb  are  necessary  to  the  latter,  and  there  is 
less  fi'ictiou  iu  their  working.  These  ure  very  simple  luBtrumeDts  for 
ejecting  1  iquids.  They  are  really  simpler  than  most  pumps.  Yet,  here- 
tofore, they  have  generally  not  proved  preferable,  chiefly  from  weak- 
ness or  imi>erfectiou  of  construction,  or  from  lack  of  durability  of  the 
materials  iu  tbeir  composition.  The  fiiults  of  cousti uctiou  are  over- 
come by  the  methods  of  bellows  construction  which  I  have  debigned 
and  tested  as  set  forth  iu  another  part  of  this  work.  The  materials  can 
bo  protectively  treated,  and  hence  the  use  of  a  small  hydraulic  bellows 
immersed  in  a  tank  or  barrel,  or  otlier  vessel,  is  a  very  simple  and  prac- 
tical device  for  distributing  liquids. 

OSCILLATINa  FORCE-PUMPS. 

The  oscillating  force-pump  proper  has  for  its  chamber  a  radial  seg- 
ment of  a  cylinder.  In  it  a  radial  septum  or  one  of  its  radial  sides  is 
made  to  oscillate,  or  the  chamber  itself  may  oscillate  when  the  other 
part  is  fixed.  The  motion  is  solely  one  of  reverting  partial  rotation  of 
either  the  piston  or  its  chamber  with  refiereuce  to  the  otber.  The 
oscillatiog  relation  is  between  the  piston  and  its  encasement.  This  de- 
finition precludes  many  falsely  so  called  "  oscillating  pumps,"  in  which 
the  oscillation  is  not  between  the  piston  and  its  chamber.  It  precludes 
all  true,  straight  cylinder  pumps.  I  have  tested  only  pne  pump  of  this 
group  suitable  for  use  iu  ejecting  poison.  It  is  patented  by  A.  G.  Brust 
and  W.  H.  Douglas,  of  Washington,  D.  C.  The  latter  gentleman  is  its 
manufacturer. 

BEOiPBocATma  for»;e-pumps. 

These  are  most  conveniently  considered  under  four  headings:  a,  Uy- 
(Ironettes  and  Foantain  pumps;  6, Bucket  pnmps  and  Knapsack  pumps; 
c,  Aquapults,  &c.;  d,  Barrel  and  Tank  pumps. 

Uydeonettes  and  fountain  pumps  (Plates  XXXVIII,  XXXIX, 
"XL,  XLI,  and  XLIV). — Certain  hand-pumps  known  to  the  trade  under 
the  above  names  are  capable  of  very  general  amplication  to  purposes 
for  which  other  special  forms  of  ituinps  and  syringes  aro  used.  They 
deserve  the  following  notice  restiecting  their  use  in  the  tillage  of  cot- 
ton, &e. : 

The  double-acting,  baud  force-pumps  that  discbarge  through  a  piston- 
tube  or  hollow  piston-rod,  which  has  an  outaide  capacity'  equal  to  one- 
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lialf  tbe  iuside  capacity  of  tlie  outside  cylinder,  have  been  mode  under 
several  pfitents,  and  some  of  tbeoe  possess  a  bigli  degree  of  excellence. 
A  well-pamp  having  tubes  of  these  relative  proportions  nod  iiiide  out- 
lets from  the  piston  to  tbe  upper  chamber  of  the  eyhnder,  was  patented 
by  Mr.  J.  M.  May  (in  No.  25207)  on  Augnst  23, 1859,  as  •'  a  double-acting 
pDtnp.''  These  features  were  afterwards  embodied  in  the  better,  portable 
hand-pumps  of  the  group  we  now  are  to  consider  more  siieeially.  The 
single-acting  ones,  having  tubes  with  or  without  the  proportions  named, 
are  less  desirable  on  account  of  their  discharge  being  intermittent,  and 
they  appear  related  to  those  syringes  which  have  a  bollow-pistou  dis- 
cfaarge.  Such  a  syringe,  for  example,  was  patented  (So.  89362)  on  Axiril 
37, 1869,  by  Mr.  H.  Tyler,  of  Gaines,  N.  Y.  The  discharge  is  through 
a  piston-tnbc  terminating  in  a  roseheud  directed  to  one  side,  and  the 
whole  is  mounted  en  a  pair  of  slide-bars,  by  which  it  can  be  operated 
fi.r  applying  poison  in  or  above  trees. 

Mr.  W,  Servant,  of  Providence,  E.  I.,  patented  (No.  107633)  on  Sep- 
tember 20,  1870,  a  "  sprinkler,"  shown  in  Plate  XLIV,  Fig.  1.  It  con- 
iiists  of  a  portable  pump  cylinder,^,  having  a  tubular,  discharging  piston, 
jp,  working  telescopically  in  it,  all  provided  with  suitable  packings, 
valves,  a  flexible  or  jointed  suction  tube  or  hose,  h,  and  with  inter- 
chaugable  solid  jet.  s,  and  rose-nozzles,  r.  Ball-valves  were  preferably 
used  as  tbe  base- valves  of  the  cylinder  and  piston.  In  the  figure  c  is  the 
strainer  entrance  to  the  suction-hose,  h,  which  is  coupled  to  the  base  of 
the  cylinder,  y,  in  which  glides  the  tubular  piston,  p,  bearing  a  handle, 
m,  and  substitntivo  solid-jet  nozzle,  «,  and  spray-rose,  r.  The  nozzle 
out  of  use  is  carried  on  a  nib  as  at  r.  Drawing  out  tbe  piston  rari&es 
the  cylinder  chamber,  which  atmospheric  pressure  fills  with  water  to  be 
discharged  by  the  return  stroke.  Thus  the  pamp  shown  throws  an  in- 
termittent jet,  it  being  ouly  single-acting.  But  Mr.  Servant,  in  his  let- 
ters patent,  says:  "I  do  not  intend  to  limit  the  afore-described  arrange- 
ments to  a  single-acting  pump,  as  tbey  are  equally  applicable  to  a  doable- 
action  pump."  The  general  form  of  construction  of  this  pnmp  is  essen- 
tially the  same  as  that  patented  (So.  55022)  May  22, 1S66,  by  Mr.  E.  L. 
Staples,  of  Nash^-ille,  Tenn.,  but  the  latter  is  for  insertion  as  a  deep- 
well  "  iifc-pump,"  while  Mr.  Servant  seems  to  have  first  produced  it  in 
[tortable  size  with  tbe  handle  upon  its  piston-tnbe  and  with  the  flexible 
snctioD-pii>e  having  a  strainer  by  which  it  can  take  a  supply  from  any 
other  pii>e  or  from  any  kind  of  receptacle.  Thereby  it  became  a  vain. 
able  pump  of  most  general  application,  and  has  been  largely  manafact- 
ured  in  both  single-acting  and  double-acting  styles,  with  modifications 
covered  by  more  or  less  subordinate  patents  ou  variations  in  some  of 
its  special  details. 

Under  this  patent  and  under  others  by  J.  A  Whitman,  also  of  Provi. 
deuce,  bearing  date  of  September  20, 1S70,  Janoat?  8, 1878  (So.  199131), 
and  November  1, 18S1  (No.  248902),  this  pump  has  been  mannfactnreid 
fortfaetradeas  "  The  Fountain  Pump"  and  "  Whitman's  FounUtin  Puw^." 
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This  brand  of  pamp,  bo  far  as  it  baa  come  to  my  notice,  is  single-aetiog. 
It  lias  enjoyed  a  large  sole  and  given  satisfaction,  especially  for  broad- 
cast spraying  apou  tbe  cotton  crop. 

Pnmps  baving  the  same  external  pattern,  but  a  doable-acting,  inter- 
nal constmction,  and  now  sold  nnder  the  name  "  Hydnmettes,"  throw  ateon- 
atant  spray  or  solid  jet,  and  are  bence  preferable  instead  of  tbe  single- 
acting  ones,  wbicb  discbargeby  interrupted  spurts.  Tbe  double-acting 
bydronettes  Lave  for  some  time  been  manufactured  by  Messrs.  B.  T. 
Deakin  &  Co.,  northwest  corner  Twelfth  a..d  Buttouwood  streets,  Phila- 
delphia, Pa.,  and  by  Messrs.  Bumsey  &  Co.,  Seneca  Falls,  S.  Y.  Tlie 
ordinary  price  for  tbe  "  Fouutain  Pumps  ^  and  "  Hydronettes  ^  has  been 
from  $8  to  $10. 

Some  dooble-acting  Hydronettes  devised  by  myself  have  increased  the 
simplicity  and  utility  of  these  instruments,  while  rendering  them  some- 
what cheaper  and  more  efficient.  The  construction  is  essentially  the 
same  as  that  presented  afterward  in  the  barrel-pumpia  Plate  XLYI,  Fig. 
2,  and  its  description ;  bat  the  arrangements  of  tbe  base  valve  and  some 
other  details  are  different.  The  removable  extension-tube  bearing  the 
spray-nozzle,  which  is  directed  straight  ahead  or  laterally,  with  refereuoe 
to  the  delivery  pipe,  at  any  angle  desired,  is  invaluable  on  account  of  the 
quality  of  the  spray  and  because  tbe  poison  is  thus  delivered  at  such 
a  safe  distance  as  not  to  endanger  the  operator,  while  its  adaptability 
suits  it  for  applying  the  apray  to  tbe  under  surfaces  or  otherwise  as 
may  be  wished.  This  device  has  three  iutercliangeable  nozzles,  which 
are  free  from  the  ordinary  ditScuIty  of  clogging.  The  pump  is  also  fnr- 
niabed  with  the  same  discharge- devices  connected  with  tbe  cylinder  in- 
stead of  with  the  moving  piston  as  in  Plate  XL,  Fig.  6.  This  enables 
the  jet  to  be  held  steady,  whereas  tbe  reciprocating  motion  of  the  noz- ' 
zles  unavoidable  with  tbe  other  pumps  already  referred  to  is  annoying, 
and  in  poisoning  under  surfaces  mnch  poison  is  thereby  misapplied  and 
wasted.  The  use  of  tbe  device  is  also  illostrated  in  Plate  XXXIX,  Fig. 
2,  where  k  is  tbe  poison-can  bung  on  the  uhoulders,  r  its  opening,  A  a 
auction-hose  from  the  interior  to  tbe  cylinder,  c,  moved  buck  and  forth  on 
piston,  X,  which  is  held  firm  by  the  right  hand  and  with  i(s  extensiou- 
pipe,  X  u,  holds  the  nozzle,  u  s,  to  direct  the  spray,  u  8.  The  nozzles  are 
also  shown  in  Fig.  3  and  Plate  XL,  Figs.  5  and  0.  By  another  arrange- 
ment, Plate  XL,  Fig.  6,  above  alluded  tu  the  extension-pipe  ia  attached 
at  n  angle  to  the  side  of  the  discharge  end  of  the  cylinder  and  tbe  sac- 
tiOQ-hose  coupling  Is  at  an  angle,  or  preferably  a  curve,  diverging  to  4o° 
or  more,  to  allow  tbe  hose  to  hang  at  an  angle  with  the  cylinder  without 
kinking. 

Where  one  and  tbe  same  pei'sou  must  at  the  same  time  direct  the 
spray  and  also  do  the  pumping,  the  telescope  pomps,  or  hydronettes, 
are  preferred  to  the  *< aquapulta,"  "aqu^ect,"  and  all  other  forms  of 
pumps.  Ko  other  pumps  allow  the  operator  such  Ireedom  of  action  or 
facility  in  applying  the  spray  in  auy  direction  or  positiou  without  con- 
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fliotioa  with  the  pompiDg.  The  greatest  freedom  in  the  use  of  this  im'- 
plemeot  is  attained  by  iusertiog  its  suctioo-pipc  in  a  knapsack-cau  for 
the  poison  iiqaid.  To  pamp  fi:t>in  a  vessel  which  must  rest  apon  the 
ground  the  pumping  lias  to  stop  whenever  the  position  of  the  vessel  is 
to  be  changed.  A  second  person  can  carry  the  receptacle,  but  this  is 
really  less  satisfactory  and  far  less  economic  than  to  use  tlie  kuiipsack- 
can.  This  combination  of  such  pumps  with  the  knapsack -can  was  pat- 
ented (No.  209G68}  as  a  "fire  extinguishing  apparatus  "  by  Messrs.  J.  E. 
Condict  and  Albert  J.  Doty,  of  Pbiladelpbia,  Pa.,  on  November  5, 1878. 
These  x>nmps  also  have  a  wiJe  application  for  various  purposes,  sucli  as 
washing  wiudows,  vehicles,  &c.,  which  gives  them  a  great  value  in  ad- 
dition to  that  for  throwing  poison.  The  combinations  already  noticed 
are  best  suited  to  apply  tbe  poison  on  small  patuhes  of  the  plants,  or 
where  the  worms  have  appeared  only  in  some  isolated  spots  in  the  fields; 
but  for  general,  broadcast  poisoning  they  have  been  more  euccessfuUy 
osed  on  horseback  or  from  a  cart  or  wagon, 

A  korseback' method  of  employing  these  pumps  may  be  illustrated 
by  plate  XLl,  Fig'.  1,  which  represents  one  being  operati.'d  to  take  and 
distribute  the  poison  IVom  a  pair  of  rubber  bags  huug  across  the  back 
of  a  horse.  The  two  bags  are  joined  above  by  straps,  and  in  front  are 
provided  with  hose-pipes  which  unite  with  each  other  and  with  the  suc- 
tJOD-hose  of  the  pump.  This  point  of  juncture  is  seen  in  front.  Tbeiw 
bags,  tbongh  somewhat  costly  as  compared  with  other  horseback  re. 
oeptacles  for  carrying  poison,  answer  the  purpose  well,  and  their  use 
for  poisoning  cotton  fields  has  been  due  to  tbe  ingenuity  of  Capt.  Jack- 
son Warner,  of  Anstin,  Tex.,  who  has  manufactured  them  for  some 
years  in  combination  with  another  pump. 

The  use  of  an  eddy-jet  and  extensionpipe  such  as  is  presented  \f^ 
Plate  XXXIX,  Figs.  2  and  3,  lor  delivering  a  good  spray  at  a  safer 
distance  from  tbe  lider,  is  an  improvement  introduced  for  all  broadcast 
distributing  apparatuses  as  well  as  for  applying  poison  to  tbe  nether 
surfaces,  and  these  will  be  used  to  mach  advantage  with  the  various 
kinds  of  horseback  receptacles  already  devised.  The  person  wearing 
tbe  knapsack  apparatus  shown  in.  Plate  XXXIX,  Fig.  2,  can  use  it  for 
broadcast  work  on  horseback,  in  which  case  he  may  still  wear  the  can 
upou  himself  or  he  can  hang  it  npon  tbe  saddlf  or  horse,  as  he  chooses. 
Also,  by  duplication,  a  pair  of  such  cans,  with  or  without  a  sipho  con- 
nection, and  liuug  across  tbe  horse,  answers  well  to  give  balancemeut 
and  supply  the  pump. 

The  method  of  using  these  pumjis  from  a  barrel  or  tank  in  a  cart  or 
Kogon  is  illustrated  in  Plate  XXXVIII. 

"The  most  common  mode  of  using  them  is  the  following:  A  binrel 
coutaining  the  liquid  is  pnt  on  a  cart  or  wagon  and  drawn  over  tbe 
Held.  One  hand  is  employed,  if  necessary,  to  keep  the  poison  stirred 
up,  while  three  others,  each  with  one  of  these  pumps,  niiply  the  liquid 
from  the  rear  of  the  wagon,  one  taking  iliiirge  of  the  three  inner  rows, 
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the  others  each  aboat  three  more  rowa  on  either  side.  In  the  use  of  this 
and  of  all  other  pumps  it  is  advisable  to  odd  a  strainer  to  the  lower  end 
of  the  hose  in  order  to  prevent  impurities  from  entering  the  valve.  In 
an  emergency,  where  no  machines  are  at  command,  these  foaataiu 
pomps  do  excellent  service,  and  many  prefer  them  to  other  means  of 
applying  the  poison.  They  are,  however,  wasteful  of  material,  and  the 
poison  is  more  apt  to  get  on  to  the  bodies  of  those  employed  in  their 
r^e  than  in  most  of  the  other  modes  of  sprinkling." 

Three  or  four  of  these  pnmps  may  be  operated  in  the  same  cart  aod 
fkrom  the  same  tank,  antl  the  vehicle  can  be  driven  very  rapidly  in  cases 
of  haste.  Mr.  P.  Calahan,  of  Selma,  Ala.,  informs,  me  he  prepared 
roagh  carts  with  short  axles,  apoo  which  he  used  his  ordinary  wagon 
wheels,  and,  driving  on  a  rapid  trot  with  the  barrel  of  poison  and  fount- 
aiu  pnmps  on  each,  with  occasional  change  for  a  fresh  team,  each  cart 
poisoned  forty  acres  per  day.  As  set  forth  eisewhcre,  it  is  certainly  a 
very  considerable  advantage  to  have  less  than  fonr  wheels  to  the  vehi- 
cle, as  it  can  then  be  tnmed  shorter  and  driven  quicker  and  with  less 
damage  than  ia  possible  with  the  ordinary  lumber  wagon.  In  this  con- 
nection the  reader  will  do  well  to  notice  the  high  legged  wheels  de- 
scribed in  the  elevated  frames  of  machines  in  the  following  portion  of 
this  reiwrt.  These  same  legged  wheels  apply  equally  well  to  carts,  and 
so  used  will  save  more  of  the  crop. 

By  uaiug  the  wheels  from  a  wagon  or  any  wheeled  farm  macbiiie,  ii 
simpler  curt  for  conveying  poisoning  apparataa  is  easily  constracted 
with  a  wooileu  or  iron  axle,  or  with  legs  for  the  wheels.  It  must  be  re- 
membered that  shafts,  if  ased  in  their  ordinary  position  npon  carts, 
place  either  the  horse  or  the  wheels  npon  the  rows.  If  shafts  are  em- 
lAoyod  tliey  must  be  set  to  one  side.  This  prodaces  a  side-draft  uncom- 
fortable for  the  horse.  Where  a  special  axle  is  to  bo  made  it  can  be 
given  length  enough  to  cause  the  wheels  to  straddle  a  pair  of  rowa ;  then 
the  shafts  uud  hoise  maybe  centrally  placed  over  the  intermediate  row- 
interspace  }  but  when  an  axle  of  usual  length  is  taken  it  will  generally 
be  better  to  use  a  median  tongue  above  the  row  and  a  span  of  horses 
ahead  of  the  wheels ;  and  a  tongue  can  generally  be  more  easily  found 
or  made  than  a  pair  of  shafts.  , 

Concerning  the  use  of  the  "  fountain-pump,"  we  quote  from  the  De- 
{>artment  Beport  "  On  Cotton  Insects,"  1879 : 

"Tbe  moHt  practical  wayof  apply iog  wot  polaons  that  boa  come  uadoroor  obserra- 
tioD  is  bf  meanH  of  a  nischiD«  kDonn  aa  the  fountun-pamp. 

'*  In  uRiiig  the  fonatuQ-pamp,  one  man  works  the  pninp,  aaatber  band  (ofleti  a  w»- 
mati)  occompikDiCB  bim  and  oatriea  the  bucket  containing  the  mixtnre.  Other  handa 
keep  these  rDjiplied  with  tbe  poison.  As  some  parti  of  the  work  ore  more  tiresome 
tbau  others,  the  bands  are  transferred  from  one  part  to  another  at  intervals.  Th* 
water  is  conveyed  to  and  abont  the  fields  aa  far  aa  possible  in  wagons. 

"  It  lao«timated  by  those  who  have  badmncb  experience  in  applying  puisonsiu  this 
waj,  that  where  wat«r  ia  easily  obtained,  with  one  fonntain-pump  and  eight  haoda 
(Utiee  of  whom  may  be  women)  25  aores  of  cotton  may  be  poieoned  in  one  day.    The 
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eight  haade»redistribnt«daa  follow*:  One  trorka  the  pntnp;  one  ekiriea  tbe  backet 
from  irbioh  tbe  poiMin  is  pumped;  thtee  oiipply  tbis  one  wltbthe  mixture ;  tbree  are 
witb  tbe  wagon  getliog  water  an<l  mixing  tbe  poison. 

"Altbongb  the  plan  JaBi  described  is  tbe  one  uogt  gennrally  used,  wo  thiuk  that 
adopted  by  Ur.  Treleoae  during  tbe  present  season  is  preferable,  leqnlriDg  us  it  iloe* 
fewer  bands. 

■'A  40.gallon  baml  coutaimog  the  mixture  is  placed  on  an  ordinary  four-wheeled 
wagoD,  the  wheela  being  5  feet  apart,  ami  the  lowest  axle  93  inches  from  tbe  gronod. 
Tbe  wagon  is  -Irawn  bj  two  males,  these  walking  in.  the  farrows  on  either  side  of  the 
raw  of  cotton  over  which  the  wagon  passes.  One  hand  drives  the  teau  and  two 
otben,  provided  witb  fountain-pumps,  distribute  tbe  poison  fh>m  tbe  barrel.  In  this 
way  nine  rows  of  cotton  are  poisoned  each  trip  across  the  field.  In  ordinary  coses 
otto  or  two  oiher  hands  with  a  teaui  can  keep  these  supplied  with  water.  By  this 
method  poison  can  I>e  applied  yery  rapidly  and  with  a  minimum  number  of  hands. 
The  experiments  show  that  the  cotton  was  not  seriously  iujured  by  the  team  or  wagon, 
althoDgh  much  of  it  was  as  high  as  the  t«p  of  the  wagon-box,  and  there  was  none 
that  was  not  1>ent  us  the  axle  passed  over  it.  Certainly  the  time  and  labor  saved 
will,  except  in  cases  where  the  cotton  is  very  high  and  cloeely  iaterlooked  between 
tbe  rows,  more  than  pay  for  the  Injury  done  to  tbe  cotton.  I  snggest  the  following 
,  impcovomi-nt  to  tbe  apparatus  nsed  Ibisseason:  Have  a  cover  fitted  to  the  barrel  to 
prevent  the  spilling  of  tbe  poison.  This  cover  should  have  tbree  boles;  one  for  a 
da^er  (similar  to  that  nsedincbDms)  forngitating  tbe  mixture;  the  two  other  Jiolei 
to  admit  the  hose  of  the  pumps.  The  dasber  may  be  worked  by  a  boy  or  the  men 
witb  the  pumps. 

"Although  the  method  above  deacri  bed  is  the  most  practicable  yet  devised,  we  feel 
that  it  can  he  improved  uj>on.  Onr  obaervationB  convince  us  that  tbe  thing  moat 
Deeded  is  a  machine  which  can  bo  drawn  by  one  or  two  horses  and  which  will  ttaiow 
a  spray  of  water  on  tbe  nnder  aidi'  of  the  leaves. 

"Tbe  present  mode*  of  poisoning  are  defective  in  that  they  require  a  large  force  of 
hands,  often  when  there  is  unoh  other  work  t«)  be  done ;  and  what  is  a  much  more 
■eriuns  matter,  as  the  poison  ie  applied  to  tbe  upper  side  of  tbe  leaves  of  the  plant, 
tbe  youug  larvae  an  not  killed  until  tbey  are  large  enoogb  to  eat  through  the  leaves. 
This  would  be  of  less  importance  conld  tbe  poison  be  made  to  adhere  to  tbe  loaves ; 
but  it  often  happens  that  tbe  mixturus  are  washed  off  the  plants  by  rains  soon  afletf 
being  applied,  while  if  they  were  applied  to  the  lower  surface  of  the  leaves  all  larvas 
fnediiig  at  this  time  wonid  be  poisoned,  besides  there  being  less  liability  of  the  poison 
being  washed  fhim  the  plants." 

Ill  addition  to  what  is  quoted  above  Mr.  Trelease  also  reported  aa 
follcws : 
"All  of  my  wet  poisons  were  applied  by  Dse  of  Whitman's  fountain-pump,  No.fi. 

Meantime,  one  or  two  other  men,  with  a  two-horse  wagon,  containing  several  smaller 
barrels,  were  engaged  in  carrying  water  from  a  pond  to  the  end  of  the  rowsofcolton, 
where  it  was  transferred  to  the  distributing  wagon.  With  thede  two  pomps  worked 
•luwly,  the  mules  walking  veiy  slowly,  we  found  that  a  barrel'of  water  went  over 
about  three  acres  of  cotton,  wetting  it  fairly,  but  not  so  well  as  was  to  be  desired. 
The  men  were  therefore  made  to  work  the  pumps  faster,  so  that  a  barrel  lasted  fbr  two 
acres.  Not  satisfied  with  this,  we  enlarged  tbe  holes  Id  tbe  roee-noiile  a  little,  ao 
that  wlthont  ma^erially  diminishing  tbe  force  of  the  pnmp  we  were  able  to  apply  a 
liarrcl  of  fluid  to  the  acre.*  In  this  way  about  30  acres  aday  may  be  poisoned  byfonr 
hands  and  four  mules. 

"  With  our  single  pnmp  we  were  able  to  oover  only  five  rowsof  cotton  for  each  trip 

*  It  is  far  better  to  employ  the  larger  size  of  pnmp,  which,  fivm  its  greater  capacity, 
dlatribatcs  more  wat«r  than  tbe  one  nsed  by  me.  and  witb  Wm  labor. — lb. 
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acmu  tliB  field  uid  do  It  well.  Incladiof;  the  time  epant  in  Siting  the  barvel  it  Wk  | 
fortj-Hve  iiiiDutesforeach  banel  of  poison  pnt  out;  or,  in  ten  ttoniv,  tliree  bmndsM^  | 
finir  malea  \vt>ald  poison  ftbont  13  aorea." — 1\,  p.  S3&. 

CoucerDiug  these  Btatements  it  should  he  added  that  (1)  in  the  li^ 
of  more  recent  improvenieiita  hy  this  method  the  poison  ia  not  appli« 
"■with  a  minimum  uamber  of  hands  " ;  (2)  the  enlargement  of  the  holte 
in  rose-nozzles  is  objectionahle  as  impairUig  the  quality  of  the  ap^^ 
by  increasing  the  quantity  of  liqaid  thrown;  and  (3)  if  a  larger  pumpot 
the  same  kind  is  nsed  to  distribute  more  water,  it  will  not  be  "  witL 
less  labor,"  for  with  the  same  style  of  pump  the  mechanical  rale  mna 
be  that  the  labor  varies  directly  in  proportion  to  the  capacity  or  bi 
the  quantity  distributed. 

It  seems  that  in  former  reports  only  the  single-acting  hand-pan{» 
were  alluded  to  or  j^com mended.  By  looking  up  everything  in  the  tradt 
and  in  the  Patent  Office,  so  far  as  my  time  would  permit,  it  has  become 
possible  to  report  upon  quite  a  number  of  others,  some  of  w^faich,  a^ 
noticed  above,  are  double-acting,  and  hence  much  preferable  to  tho«  , 
vhich  •were  formerly  represented  as  the  best.' 

In  this  connection  it  should  also  be  added  that  although  the  hydro 
nettes  and  fountain-pumps  are  certainly  the  best  hand-pamps,  and,  in- 
deed, excellent  for  throwing  broadcast  sprays  from  barrels  or  taub 
and  for  applying  single  jets  beneath  plants,  yet  we  cannot  regard  those 
heretofore  made  as  the  best  barrel-pumps  or  tank-pumps,  since  othH» 
more  suitable  for  such  purposes  will  be  noticed  more  properly  undw 
the  title  of  "  Barrel  and  Tank  Pumps,"  further  on. 

Finally,  it  should  be  added  that  there  are,  besides  these  described 
other  patented  modijictttiona  in  pnmps  of  the  above  group,  but  which 
have  not  yet  found  the  trade  to  much  extent.  It  is  probable  that  thev 
will  not  eom]>ete  successfully  with  those  presented  above,  and  in  mi»i 
cases  they  add  complication  and  expense  of  construction.  Their  mod 
noteworthy  features  may  he  briefly  noticed  in  chronological  order- 
That  by  Mr.  T.  J.  Mayall,  of  Boston,  Mass.,  as  patented  April  IG,  187:' 
(So.  125824),  has  u  valve  in  the  disehai^e  end  of  the  piston,  and  cloR 
below  this  a  valved  auction-iulet  through  a  side-haft  to  the  piston.  Tbt< 
enables  the  nozzle  to  be  held  steady,  and  not  have  a  reciprocalioi 
motion,  only  the  cylinder  being  slid  back  and  forth.  Another  patent 
(No.  129760),  issued  July  23, 1872,  to  Mr.  W.  B.  Robins,  of  No.  1,  Upper 
Gordon  street,  Euston  square,  Middlesex  County,  England,  has  for  \U 
most  important  feature  the  introduction  of  an  air-chambered  conpUDj 
between  the  suction-hose  of  a  hydrouette  and  any  supply  pipe  whivti 
may  be  connected  thereto.  Again,  in  No.  139263,  on  May  27, 1873,  Mr. 
Robins  patented  the  addition  of  a  third  or  outside  ooucentrio  cylinder 
with  a  third  valve  (of  annular  form)  to  provide  double  suction  ;  tlit 
suction  being  continuous  during  both  strokes  of  the  piston,  in  singli 
acting,  or  intermittently  discharging  hydronettes.  Also,  in  No.  1543J:t. 
on  August  25,  1874,  the  same  gentleman  patented  in  the  piston  of  ;i 
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siogle-actiDg  hydronette  a  flexible  cnp-packiog  above  an  atiDnlnr  slip- 
head  whicb  strikes  into  the  cap  to  spread  it  at  tbe  force  stroke.  Mr. 
F.  S.  Shirley,  of  New  Bedford,  Mass.,  ia  patent  ISo.  173349,  February 
8, 1S76,  ictrodaced  in  the  single-acting  hydronette  a  tubnlar  air-cham- 
ber sarrouoditig  an  inward  projecting  discharge  pipe  (and  which  can 
only  be  of  valne  when  directed  above  the  horizontal),  a  strainer  in  the 
piston-head,  a  piston  and  handle  of  one  piece,  and  a  cylinder  and  stnf- 
flngbox  of  one  piece.  In  No.  199380.  Jannary  22, 1878,  Mr.  "W.  P.  Ray- 
mond, of  Brooklyn,  N;  Y.,  Introduced  the  donhle-acting  discharge  in 
conbiDation  with  donble-snction  and  the  tnbnlar  airchainber  by  using 
five  valves  and  the  third  or  onteide  cylinder  already  noticed,  Mr.  A. 
Hamilton,  of  NewTork  City,  patented,  September  13, 1881  (No.  246880), 
a  hand-pump  differing  from  the  best  hydronettes  chiefly  in  its  combina- 
tion of  II  rose  and  solid  jet  nozzle  with  a  sbnt-off  cock  and  by  the  com- 
plex construction  of  the  piston  head  and  valve. 

Aquapults,  Aqdajects,  Aquabivs,  Excelsior,  and  Hydro- 
.  PULT. — (Plate  XL.)  Under  these  names  are  known  small  portable 
pnmps  whifeh  have  a  side  discharge  from  the  vpper  cylinder-cap, 
while  th'iy  are  worked  by  a  T-handle  on  top  of  the  piston.  When  in 
use  these  putnps  are  generally  supported  in  a  more  or  lesM  vertical  poei- 
tion  by  the  operator,  and  the  cylinder  is  often  held  by  some  kind  of  at- 
tacbment  to  the  receptacle  for  the  Hqnid  or  by  a  foot-piece  npon  the 
ground  or  floor.  Being  thus  planted  tbe  weight  of  the  body  can  be 
thrown  on  the  piston  during  the  downward  stroke,  but  the  upward 
stroke  is  more  difBenlt.  Some  are  doable-actiug,  and  ino»t  have  an  air- 
chamber  upon  the  cylinder  or  in  the  piston.  The  market  prices  of  these 
pumps  range  from  $S  to  $10.  .The  various  kinds  that  have  come  to  my 
Attention  merit  the  following  notice: 

The  former  Cotton  Worm  Reports  make  no  allusion  to  those  pnmps, 
yet  there  are  several  which  seem  to  deserve  consideration  here. 

"The  Joknton  Force  Pump"  appears  to  be  the  earlier  form  of  the  "Aqua- 
pult,"  Mr.  W.  J.  Johnson,  of  Newton,  Mass.,  took  ont  patents  No.  30480, 
October  23,  1860,  No.  6649,  September  21,  1875,  and  No.  116599,  July  4, 
1871,  relating  to  the  following  pamps :  Plate  XL,  Fig.  1,  represents  his 
pump  in  combiufttioD  with  a  bucket  for  the  liquid.  The  T-handle,  *,  is 
seen  on  top  of  the  large  piston-rod,  p,  which  is  hollow  and  of  half  the 
size  of  the  outside  cylinder,  Jr.  About  midway  of  tbe  cylinder  is  clamped 
fast  a  bracket,  b,  with  claws  that  clinch  firmly  npon  the  edge  of  the 
bucket.  The  discharge  takes  place  through  a  hose,  k,  attached  near  the 
top  and  having  a  terminal  nozzle,  n,  of  the  kind  described  on  page  — , 
ami  iu  Plate  XV,  Fig.  5.  The  pump  is  double-acting,  works  easily,  and 
is  powerful  in  its  action.  It  is  manufactured  by  tbe  National  Manu- 
facturing Comi>any,  Boston,  Mass.  Other  manufacturers  and  inventors 
have  introduced  mo<lifications  in  some  of  its  details.  This  form  of 
pnmp  as  manufactured  by  Messrs.  W.  &  B.  Douglas  and  patented 
(No.  192979,  July  10, 1877)  by  J.  W.  Douglas,  aU  of  Middletown,  Conn., 
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has  tlie  bracket  in  the  furm  of  a  kiieed  leg,  bearing  a  flat  foot-piece  at 
the  side  of  the  bucket  and  npoo  the  gfouDd.  Under  the  patent,  No. 
209513,  October  29, 1878,  of  Mr.  A.B.  Prouty,  the  National  Manufactnr- 
ing  Company  makea  this  pnmp  having  the  leg  sloping  and  ceiirl)'  straight 
as  it  esten«lsfroin  afoot- plate  npoQ  the  ground  totbeuppercap  of  the  cyl- 
inder, where  it  is  hinged  fast  bo  that  it  can  be  folded  parallel  aguinst 
the  cylinder.  The  discharge  spent  has  a  handle  formed  upon  its  base 
and  bears  a  peculiar  terminal  nozzle  that  hangs  when  out  of  use  njKtn  » 
hook,  while  the  npper  cap  of  the  cylinder  has  a  projecting  ring  by 
vhich  the  whole  device  may  be  hung.  In  this  form  the  foot-piece  will 
hold  the  pump  stable  in  a  deeper  vessel,  and  it  may  be  thus  held  in- 
serted in  the  side  bung  of  a  barrel,  in  a  tub,  or  large  can. 

The  most  decided  variation  upon  the  "Aquapnlt"  was  introduced  by 
Hr.  Johnson  in  his  patent,  No.  116599,  of  July  4,  1871.  Its  shape  is 
shown  in  Plate  XL,  Fig.  2,  where  k  denotes  the  auction-hose ;  m  the 
handle,  und  the  discharge  is  downward.  It  consists  of  an  "Aqnapalf 
having  the  suction  entrance  at  its  side,  o,  while  the  cylinder  discharges 
at  its  top  into  an  ensheathing  cylinder,  k,  which  discharges  at  the 
lower  end.  In  this  form  the  pump  sobservef  the  purposes  of  a  hydro- 
nette  or  syringe,  and  has  also  the  advantage  that  the  reoiprocatiug 
motion  of  the  piston  does  not  disturb  the  position  of  the  nozzle,  which 
is  held  immovable  with  the  cylinder.  An  extension  pipe,  Fig.  5,  shoold 
be  added. 

Next  should  be  noticed  two  styles  of  puiup  which  are  allied  to  the 
"  Aquapults"  by  both  form  and  adaptability.  The  "  Agvariat^  and  the 
'^Aquajccf  (Plate  XL,  Fig,  3)  have  external  resemblance  to  each 
other,  but  are  different  in  operation  and  internal  construction.  The 
"Aquarius"  is  manufactured  by  Messrs.  W.  &  B.  Douglas,  of  Middle- 
town,  Conn.,  seemingly  under  the  patent,  No.  33299,  issued  September 
17, 1801,  to  Mr.  B.  Douglas.  It  is  a  strong  pump,  but  is  single-acting 
and,  although  provide<l  with  an  air-chamber  upon  the  cylinder,  the  jet 
thrown  is  of  an  intermittent  character.  The  "  Aquaject"  as  made  by 
Messrs.  Kumscy  &  Co.,  of  St^neca  Falls,  N.  ¥.,  throws  a  goo4l,  strong, 
steady  jet,  being  double-acting  and  also  possessing  an  air-cliumber.  In 
Fig.  3  tUo  operator  is  working  the  piston  by  bis  right  hand  and  hold- 
ing the  cylinder  by  its  foot-piece,  the  pump  takes  water  by  a  suction- 
hose  leading  from  a  bucket  to  enter  tho  side  of  the  base  ofthe  cylinder 
while  the  water  is  discharged  through  a  hose  held  in  the  left  band  and 
leading  from  ihe  upper  cylinder  cap  to  which  it  is  joined  at  a  point  be- 
neath the  globular  air-chamber  which  surrounds  the  pistnu.  Both  of 
the  foregoing  pumps  are  strong  in  action  and  durable  in  construction. 
They  cost  from  $8  to  $10  each.  The  suction-hose  can  have  greater 
length  and  be  inserted  in  a  barrel  or  other  larger  reservoir  upon  a  cart 
or  otherwise  when  desired,  and  the  discbarge  hose  may  bear  a  spray 
nozzle  or  be  connected  with  the  main  of  any  system  of  branching  pipes. 
These  and  the  "  Aquapulfs  "  are  very  desirable  for  sqnirting  upon  treea 
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and  fires,  but  in  barrel  and  tank  pumping  or  Trlierever  greater  force  is 
oommeDdable  a  levered  foroe-pamp  will  generally  be  preferred,  aud  sucU 
will  be  described  further  on. 

In  No.  100836,  on  May  12, 1878,  Mr.  R.  T.  Deakin,  formerly  of  Shef- 
field, England,  bnt  now  of  Philadelphia,  Pa.,  patented  his  so-called  ''Ex- 
eeUiorPump  and  portable  Fireextinguistaer,"  which  has  a  flange-shaped 
fout-pieee  aod  combines  in  itself  the  characteristics  of  tlie  doable-acting 
"Aquapnlts"  and  "  Aqnajects."  This  pump  works  well  aud  will  rank 
with  those  above  described. 

Here  may  be  appended  a  notice  of  the  so-called  "flydropttH,"  of  which 
Mr.  W.  T.  Voae,  of  Newtouville,  Mass.,  is  the  patentee  and  manufact- 
nrer.  His  letters  patent  date  November  15, 1868,  and  extension  No- 
vember 15, 1878.  This  pamp  is  represented  in  Plate  XL,  Fig.  4.  The 
two  cyliuders,  k  k,  are  continuous  by  the  U-coupling  monntetl  on  thi; 
large  stirmp-shaped  foot-piece,  p.  A  pair  of  pistons  joiued  above 
with  each  other  and  with  the  single  handle,  m,  work  up  aud  down  to- 
gether aud  simnltaueously  in  the  cylinders.  The  suction-hose,  k,  from 
a  bueketor  other  receptacle,  communicates,  at  i,  with  one  cylinder,  while 
the  other  cylinder  has  an  air-chambered  discharge,  ae,  near  its  top. 
The  oxKratlou  is  as  follows :  The  npward  stroke  causes  the  water  to 
pass  through  thefirst  piston-head  and  fill  the  U-conplingand  both  cyl- 
inders. The  downward  stroke  discharges  abont  all  of  this  up  through 
the  second  piston  and  ejects  half  of  it  from  the  spout.  The  second  up- 
ward stroke  ejects  the  other  half  or  the  couteuts  of  the.second  cylinder 
while  both  cylinders  are  simnltaneonsly  filled  by  the  snetiou.  Thus  the 
entire  contents  of  one  cylinder  is  thrown  out  at  each  stroke,  while  the 
upward  stroke  also  sueki;  both  cyliuders  fall.  This  device  is  moreconi- 
piez  than  thopumps  noticed  above  and  suffers  more  friction  while  it 
does  nut  work  as  ea^y  as  the  others,  yet  it  is  a  reliable  pump  capable 
of  such  uses  as  the  "  Aquajects  "  are  adapted  for. 

Bucket-pumps  and  knapsack-pumps  (Plates  XLI  and  LV).— Be- 
»  sides  the  "Bucket-pumps''  and  "Knapsack-pumps"  already  noticed, 
numerous  others  are  made  for  extinguishing  fii-es,  sprinkling  plants, 
etc.,  bnt  in  general  tbey  are  such  as  have  little  value  in  the  treatment 
of  field  crops.  Yet  in  this  connection  it  seems  desirable  to  call  special 
atteniion  to  the  followiug  examples : 

Plate  XLIj  Fig.  3,  illustrates  the  three  forms  of  "  Lewis's  Combination 
ArM  Pump"  as  manufactured  by  Mr.  P.  C.  Lewis,  of  Catskill,  N.  V., 
under  his  patent  No.  1230639,  Augnst  3,  1880.  It  is  n  syringe  of  large 
size,  having  a  double-cupjied  rubber  piston-head  and  three  substitutive 
disvbarge  attachments.  In  the  one  ease  the  solid  jet  nose-piece  or  in- 
jector-spout is  Bcrewe<l  on.  In  its  stead  a  rose-head  face  may  be  used, 
making  of  it  a  spray-syringe,  his  "Potato  Bug  Exterminator."  Thirdly, 
an  eud-piece  having  a  snction  hose,  suction  valve,  and  a  side  discharge 
spoot  may  be  attached,  thus  producing  a  simple  single-acting  foree- 
pamp.    The  discharge  spout,  as  shown  in  the  figure,  has  a  short  hose* 
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estensioD  bearing  a  nozzle,  to  be  held  in  one  hand.  This  nozzle  is 
described  on  page  209,  (see  Plate  XIX,  Figa.  6  and  7.)  As  a  cheap  pump 
extensively  advertised  it  has  had  a  good  sale  and  given  considerable 
satisfaction.  The  "  Combination  Pomp  "  made  in  brass,  retails  at  (5.60. 
A  hook  ia  provided  for  attaching  the  base  of  the  pump,  but,  as  in  otber 
pomps  of  this  class,  generally  there  is  wanting  some  better  means  of 
snpport  to  snstatD  the  cylinder  in  an  upright  position  and  so  leave  the 
left  hand  tree  to  hold  and  direct  the  nozzle,  while  the  other  hand  works 
the  piston. 

The  sketch  in  Plate  XLI,  Fig.  2,  represents  a  pamp-support,  pat- 
ented in  No.  124593,  Manb  12, 1972,  by  Mr.  C.  G.  Korth,  of  Oarlstadt, 
y.  J.,  and  shows  an  attempt  to  snpply  in  pumps  of  this  class  somethiag 
to  make  their  use  more  convenient.  It  consista  of  a  cratch  attached  to 
the  pomp  and  serving  as  a  falcram  for  its  lever.  The  top  is  held  firmly 
in  the  arm-pit  while  {he  sharp  pointed  base  of  the  pomp  presses  against 
the  bottom  of  the  bucket,  barrel ,  or  other  receptacle  for  the  liquid.  This 
leaves  one  baud  free  to  bold  .the  nozzle.  The  other,  features  of  this 
pump  appear  in  no  way  novel  or  snperior,  bat  the  inventor  controls  the 
use  of  his  support  in  pnmpe  of  all  kinds. 

Thefolloteing  bucket-pumps  aiul  knapsack-pvmps,  tchidh  are  ooeasionally 
offered  by  the  trade,  seem  not  the  most  deairable  for  poisoning  the  crop, 
thongh  some  on  the  list  are  well  suited  for  other  pnrposee  and  some  ex- 
hibit features  which  may  be  hereafter  combined  in  the  pumps  which 
are  best  adapted  for  oar  purpose. 

In  latent  No.  212067,  Febniary  4, 1879,  Mr.  A.  Stoner,  of  Stony  Point 
P.  O.,  East  Baton  Bonge,  La.,  claims  some  details  in  a  simple  pump  of 
this  type  which  seems  to  have  no  very  special  advantage  for  our  present 
purposes. 

Mr.  W.  W.  Mallory,  of  Holland  Patent,  Oneida  County,  New  York, 
obtained  in  a  pump  similar  to  the  above,  and  in  patent  No.  237103, 
February  1, 1881,  a  pomp-cover,  consisting  of  a  tube  which  bends  hori- 
zontally and  then  downwards  as  a  handle,  overflow  spout,  and  gnideto    ' 
the  piston-rod,  which  works  through  a  hole  in  its  top. 

Patent  No.  92194,  July  6,  1869,  secured  to  H.  and  A.  Kaiser,  of  Co- 
lumbus, Ohio,  a  pump  of  this  kind  but  permanently  attached  inside  of  a 
common  watering-pot,  its  basal  branch-spont  with  exourrent  valve,  co- 
incides with  that  of  the  pot  and  bears  a  rose  or  substitutive  solid-jet 
nozzle  as  desired. 

A  pump  granted  in  patent  No.  86287,  January  26, 1869,  to  Mr.  A.M. 
Dix,  of  Shelton,  England,  has  the  cylinder-cap  clamped  to  cross-bars 
inserted  in  the  npper  part'  of  a  suitable  receptacle.  There  is  a  stuffing- 
box  above  for  packing,  and  below  this  an  outlet  from  the  npper  part  of 
the  cylinder  is  extended  downward  by  a  drip-tabe  upon  the  side.  A 
diaphragm-strainer  is  inserted  in  the  chtunber  of  the  discbarge-valve. 

A  pump  having  similar  construction  to  those  Jast  noticed,  but  with 
the  valves  reversed,  giving  suction  through  the  basal  braucb-spont  and 
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discbarge  directly  from  tlie  baeal  uxis  of  the  cylinder,  apt>ear8iu  patent 
"So.  108087.  This  enables  it  to  1k)  used  as  are  syringes  and  oth«r  baud- 
pumps  of  the  Ringleacting  kind. 

Mr.  B.  M.  Crandal,  of  Chicago,  111.,  patented,  in  No.  170039,  MureU  21, 
1870,  a  pump  bearing  a  bucket  on  the  tops  of  its  parallel  pistons  and 
»ir-cylijidera,  which  are  mouotet]  ou  a  foot  beoeatli.  The  pump  has  a 
lever  with  its  end  hinged  to  the  edge  of  the  bucket  and  its  middle  to 
the  piston-rod.  This  bears  a  iierforated  bead  aud  valve  allowiug  the 
liqtiid  from  the  bncket  to  gravitate  and  suck  through  downward  when 
the  piston  is  raised.  The  valved  branch-spout,  exourrent  from  the  base 
of  the  piston-cylioder,  leads  through  an  air-cylinder,  which  ha^  a  bulg- 
ing discharge-spout  reduced  for  a  hose  extension. 

A  pnmp  having  basal  snction  but  otherwise  like  the  foregoing  and 
immersed  entirely  inside  of  a  bucket  was  patented  in  No.  18740G,  Fcb- 
rnary  20,  1877,  by  Mr.  W.  Westlake,  of  Chicago. 

The  two  last-nuticed  apparatuses  have  value  chiefly  as  cheap  garden 
sprinklers  and  window-washers. 

In  SQCh  pumps,  with  solid  pistou-heads  as  have  been  noticed  above, 
Mr.  J.  M.  Holland,  of  Wilmington,  Del.,  has  introdiiceil  a  simpIiGcation 
consisting  of  a  pittton-rod,  handle,  head,  and  gnide  all  cast  in  one  piece 
and  covered  by  his  patent  No.  200451.  July  30, 1878.  The  pump  with 
which  he  has  combined  it  more  specially  is  double-barreled,  the  larger 
barrel  being  an  air-cfaamber  surrounding  a  hanging  discharge-spout. 

The  "Patent  Knapsack  Engine,"  manufactured  by  Messrs.  W.  aud  B. 
Donglas,  of  Middletown,  Conn.,  is  not  haudy  enough  for  field  work.  It 
consists  of  a  pump,  probably  similar  to  the  "Aquarius,''  inserted  in  a 

The  flre-eztingnisher  of  Mr.  J.  W.  StaotoD,  of  New  York  City,  and 
patented  in  No.  223102,  January  6, 1880,  can  be  used  for  broadcast 
work  over  very  small  patches,  but  is  like  the  preceding  apparatus  in  not 
being  handy  for  field  nse.  It  seems  to  consist  of  an  "Aqnapult"  in- 
serted firmly  in  a  can.    Its  nozzle  is  novel,  as  noticed  above. 

An  insectdestroyer,  consisting  of  a  bucket  with  a  deeply-reeessed 
bottom,  with  a  rose  pendant  In  the  center  of  the  recess  and  a  cylinder 
therefrom  extending  into  the  bucket  to  admit  water  by  jierfbrations 
in  its  sides  when  a  weighted  or  spring  valve  or  valve-piston  is  lifted  in 
the  cylinder  by  a  piston-rod  terminating  in  a  flnger-loop  beneath  the 
handle,  was  patented  in  No.  193417,  July  24,  1877,  by  Mr.  F.  J.  McDon- 
ald, of  Madison,  Ohio.  Also  a  simitar  device  was  patented  in  No.  209372, 
October  27, 1878,  by  Mr,  W.  B.  Allen,  of  Orleans,  N.  Y.  These  (Plate 
LY,  Figs.  1  and  2)  allow  the  spray  to  descend  only  at  the  will  of  the 
operator,  and  with  a  force  greater  than  it  would  receive  from  the  weight 
of  the  liqnid  alone.  Such  cans  avoid  the  tilting  of  the  vessel  which  is 
necessary  with  the  ordinary  watering-t>ots,  and  are  thus  more  con- 
venieut 

Related  to  these  is  the  "  poison  distributor"  of  Messrs.  J.  Atnor  and 
63  OONO 18 
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A.  J.  Lane,  of  Glenville,  Ohio,  ae  patented  in  No.  226588,  April  20, 
1880.  It  consists  of  a  knapsack  of  cylindrical  form  having  a  piston  of 
its  inside  diameter  held  doivn  bj' a  strong  spiral  spring.  The  piston- 
rod  in  cxserted  above,  whereby  it  is  raised  and  the  spring  is  cotnpressed 
nntil  the  can  is  filled.  Then  the  spring  is  allowed  to  press  the  piston 
npon  the  liquid  which  finds  exit  by  a  side  tnbe  near  its  base.  A  hose 
extension  bears  a  stiff  tube  baring  a  thumb-levered  valve  and  rose. 
The  can  is  carried  on  the  back  by  loops  over  the  shoalders.  Of  its 
practicability  I  am  nnable  to  speak,  except  that  it  has  not  a  promisTDg 
Aspect. 

A  simple  rose-syringe,  having  its  middle  two-fonrths  surrounded  by 
a  large  concentric  cylindrical  can  for  the  liquid  that  can  enter  the 
wyriuge  by  perforations  whitili  the  piston-head  may  close  when  pnshed 
•down,  waa  granted  as  an  insect-destroyer  in  patent  No.  216679,  June 
17,  1870,  to  Mr.  G.  H.  Hull,  of  Montello,  Marquette  County,  Wisconsin. 
The  instrument  thus  has  no  valv&i)  but  the  piston-head,  and  should 
I>rove  superior  to  the  ordinary  watering-pots  and  syringes.  Prior  to 
tiiift,  however,  there  was  issued  to  Mr.  G.  T.  Wisner,  of  Florida,  Orange 
■County,  New  York,  in  No.  193742,  Jnly  31,  1S77,  letters  patent  on  a  . 
■"Potato  bug  Poison-syringe"  having  the  same  general  plan  as  that 
jjust  noticed,  but  differing  chiefly  in  possessing  two  piston-packings  and 
;iv  funnel-shaped  receptacle  surrounding  it. 

Barbel  and  Tank  pumps  and  Appuetenances.  (Plates  XLir, 
HT  SEQ.) — Besides  the  devices  already  noticed  as  employable  with  bar- 
Tela  or  tanks  forming  parts  of  machines  or  carried  upon  vehicles,  or  hauled 
nipon  legs  having  wheels  or  runners,  or  upon  horseback,  certain  barrel- 
pumpa  and  tank-pumps  proper  and  appurtenant  machinery  deservB 
special  consideration  as  follows.  Many  of  these  are  presented  here  only 
;as  parts  of  the  history  of  this  subject,  while  some  have  a  very  decided 
value. 

[Single  acting^  discharging  from  beloai  the  Pi»ton.\ 

J.  G.  Melcher's  Patent  Spray  Pump. — Among  the  earlier  pumps  nsetl 
•especially  for  the  cotton  crop  should  Iw  mentioned  that  of  Mr.  J. 
<!.  Melelier,  of  Black  Jack  Springs,  Fayette  Oouuty,  Texas,  which  em- 
ibodies  his  patent  of  January  18,  1876.  At  present  our  knowledge 
•of  it  is  based  only  on  a  very  rough  wood-cut  aud  circular.  The  pump 
can  be  made  either  of  sheet  metal  or  btronger  metal  aud  may  be 
worked  with  or  without  a  lever.  The  lever  was  fixed  to  the  head 
of  a  barrel  by  a  vertical  ro<l,  as  with  Mr.  Bahmann'a  (see  further  on). 
The  cylinder  of  the  pump  was  inserted  through  a  large  hole  iu  the 
head  of  the  barrel  and  had  a  cloth  suction-strainer  below,  while  its 
top  api>eared  fastened  by  a  collar  around  the  piston  and  having  two 
opposite  strips  extending  laterally  downward  to  the  head  of  the  barrel^ 
allowing  the  pninp  to  be  rotated  on  its  axis,  to  direct  the  spray.  The 
discharge -spout  is  long,  bearing  a  bicouic  air-chamber  above  and  a  large, 
single,  terminal  nozzle  tor  broadcast  sprinkling,  appearing  to  be  the 
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same  as  that  described  oa  page  19G.  Mr.  Melcher,  who  is  an  inventor 
of  various  contrivances,  strongly  recommended  his  pump  to  the  public. 
His  nozzles  are  moch  useil  and  are  still  made  by  him  and  by  others. 

The  Charles  Voneleang  8pray-pump  for  Poisoning  on  Cotton. — Mr. 
Charles  Vogelsang,  of  Bound  Top,  Fayette  County,  Texas,  patented, 
ID  Ko.  194388,  August  21,  18T7,  a  sprinkling  pump  with  nozzles  as 
shown  in  Plate  XLII,  Figs.  5, 6, 7,  and  8.  The  T-handled,  solid  ]>lunger, 
h,  works  in  a  tbin  cylinder  having  a  basal  snctiou- strainer,  a,  and  valve, 
with  basal  discharge-valve,  air-chamber,  {[,  and  spout,  e.  The  spout, 
e,  chamber,  d,  and  cylinder,  b,  are  about  equal  in  length  and  joined  to- 
other compactly  side  by  side,  the  spout  having  a  crook  at  its  top  on 
which  various  nozzles  may  be  used.  In  his  letters  patent  are  figured 
and  described  the  concave  and  scoop-sbaped  spray  deflectors  and  quad- 
rant-shaped and  circular  nozzles  with  many-punctured  periphery. 

Another  pump  of  the  same  type  and  embracing  some  of  the  details 
of  the  two  just  noticed,  with  some  additional  peculiarities  of  little  value, 
is  that  made  by  Mr.  Buhmann. 

"  The  Eukmann  ^riiikler. — Invented  by  Mr.  Julius  P.  Buhinann,  of 
Schulenburg,  Tex.  (patent  No.  206901,  August  13, 1878.) " 

In  Plate  XLIY,  Fig.  5  is  a  longitudinal  section  of  the  machine;  Fig. 
4  shows  the  connection  of  the  pamp-cyliuder  with  the  air-cLianiber; 
Fig.  6  represents  the  strainer ;  Plate  XV,  Figs.  6  and  7,  the  nozzle, 
showing  the  arrangement  for  cleaning  the  same;  and  Plate  XLIV,  Fig. 
3,  shows  a  modification  of  the  discharge-pipe. 

"The  letter  a  represents  the  reservoir  for  holding  the  poisonous 
liquid;  b  is  the  pump-cylinder,  in  which  the  piston,  c,  is  worked  up  and 
down  by  means  of  the  lever,  d.  The  lower  end  of  this  cylinder  is  made 
funnel-shapped,  and  to  it  is  fastened  the  rubber  tube,  e,  which  connects 
it  with  the  strainer,  /.  This  strainer  is  made  in  two  parts  for  the  intro- 
daction  of  a  straining-cloth,  g,  and  for  convenience  in  cleaning.  The 
lower  end  of  the  strainer  is  perforated,  and,  if  desired,  any  additional 
straining  matter  may  be  placed  between  the  perforated  bottom  and  the 
cloth,  so  as  to  make  sure  that  no  substances  shall  be  forced  into  tbe 
sprinkler  to  clog  its  action.  To  the  lower  end  of  the  cylinder  is  secured 
the  discharge- pipe,  h,  upon  the  top  of  which  is  formed  the  air  chamber, 
».  0pon  the  outer  end  of  the  discharge-pipe  is  placed  the  sprinkler,  /, 
which  is  round  and  Sat,  as  shown,  and  perforated  about  one-hiilf  around. 
Upon  the  top  of  this  sprinkler  is  screwed  fahe  cap  or  cover,  m,  secured 
to  which  is  the  brnsh,  n.  The  handle  of  the  brush  is  bent  at  right 
angles,  as  shown,  and  is  secnred  to  the  cap  in  such  a  manner  as  to  form, 
as  it  were,  a  part  thereof,  so  that  as  the  brush  is  moved  around  to  clear 
away  any  obstructions  which  may  have  a  tendency  to  close  up  the  fine 
perforations  in  the  edge  of  the  sprinkler  the  cap  turns  with  it  By 
means  of  this  screw-cap  the  brush  can  be  adjusted  up  and  down  at  will, 
so  that  after  cleaning  off  the  perforations  the  brush  can  be  depressed 
down  below  tbe  level  of  tbe  boles,  so  as  to  be  ont  of  the  way." 
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Instead  of  a  single  nozzle,  there  qiay  be  two  or  more  used  by  simply 
<;hanging  the  coDstraction  of  the  discharge-pipe,  as  iu  Fig.  3,  wbioU 
represents  one  made  for  the  am  of  three  nozzles. 

The  nozzle  seems  to  embrace  abont  all  that  is  decidedly  novel  in  thia 
apparatus.  Mr.  Bnhmann's  cone-deflectors  are  also  nsed  by  him  on  this 
pump  and  upon  its  three-branched  pipe.  The  cone-nozzles  and  their 
combination  with  the  pump  may  be  seen  in  Plate  XLIV,  Figs.  2  and  3. 
This  pump  has  been  used  several  times  in  these  experiments.  In  get- 
ting bent  easily,  it  is  like  all  the  pumps  having  single- walled,  thin  cyl- 
inders, and  the  piston  doee^  not  fit  perfectly,  so  there  is  an  excess  of 
overflow. 

The  A.  J.  Polawiky  ^ay-pump  is  that  described  in  patent  No.  238430, 
March  1, 1881,  by  Mr.  A.  J.  Polansky,  of  Fayetteville,  Fayette  County, 
Texas.  Here  also  I  find  no  novel  points  of  special  value  in  tbe  pump 
proper,  but  the  combination  with  his  sprinkler  nozzle  is  covered.  The 
latter,  as  described  on  p.  — .  (see  Plate  XXIIT,  Figs.  3  and  4),  cousints 
of  a  vessel  having  peripheral  perforations  and  a  deflecting  flange  witti 
a  simple  device  for  reluming  the  drip  to  the  reservoir.  These  arrange- 
ments  are  only  slightly  different  from  Mr.  Schier's. 

Sehier't  Spraypump,  being  made  by  Mr.  John  Scbier,  of  Ellinger, 
Tex.,  is  represented  in  Plate  XLII,  Fig.  4.  The  device,  «,  for  spray- 
ing and  returning  the  drip  is  described  already  (see  Plate  XXIII, 
Figs.  1  and  2).  A  modified  form  of  the  nozzle  for  uae  on  a  boae  has 
also  been  descril>ed.  On  the  discharge  spout,  a,  is  monoted  a  link,  x,  an 
■A  lever-fulcrum,  and  lielow  this  is  a  large  perforated  cup,  e,  which  fits 
as  a  bang  in  the  perforated  top  of  a  barrel,  or  other  reservoir,  and  still 
lower  is  the  cylinder,  e,  in  which  the  piston,  p,  is  operated  by  tbe  lever, 
I.  The  cylinder-top  is  so  low  that  the  overflow  back  into  the  barrel  is 
not  observed.  The  strainer  and  valve  arrangements  are  essentially 
the  same  as  in  the  pumps  just  described.  The  pipe,  a,  probably  con- 
tains an  air-chamber  inside  of  or  surrounding  its  discharge-passage. 

Pumps  having  lever,  piston,  cylinder,  and  stock  proportioned  sim- 
ilar to  tbe  latter,  bat  with  somewhat  different  discharge,  were  described 
in  patent  papers  by  Mr.  John  Bntman,  of  Milan,  Ohio,  in  No.  178230, 
June  6,  1876,  and  by  Mr,  T.  K.  Ball,  of  Maysville,  Ky.,  in  Ho.  19507C, 
September  11,  1877.  The  latter  claims  an  agitator,  which  should  be 
described  in  this  connection,  as  shown  in  Plate  XLII,  Fig.  3,  where  b 
represents  the  cylinder,  h  its  saction-end,  and  c  its  piston-rod,  to  which 
are  attached  the  stirrer-ro^a,  d  d,  bearing  the  dasher-plates,  k.  These 
are  moved  up  and  down  with  the  piston,  and  by  their  chnming  action 
keep  the  other  snbstances  mixed  with  tbe  water. 

An  important  step  in  the  construction  of  cheap  sheet-metal  pumps  was 
made  by  Mr,  J.  G,  Evendeu,  of  Chicago,  111.,  as  claimed  in  his  patent 
No.  140022,  reissue  No,  6864,  May  12,  1874.  His  flrst  claim  is  "  In  a 
band-pamp  for  liquid  vessels,  the  combination  of  a  pump  cylinder 
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with  an  air-cliamber  surrounding  the  cylinder."  Tlius,  although  the 
ontside  caaing  of  the  air-chamber  may  become  uccidelitally  bent,  that 
of  tlie  cylinder  witbiu  is  protected  against  socb  injuries.  Also  this 
construction  gives  Buch  pumps  a  more  compact  form,  rendering  them 
simpler  and  Btronger.  The  pump  is  shown  in  section  in  Plate  XLII, 
Fig.  2,  where  h  is  the  handle,  b  the  solid  piston  in  tbe  cylinder  with  a 
guide-cap,  c,  at  its  top,  iiicurrent  valve  below,  and  excutrent  valve,  I, 
to  the  air  chamber,  e,  which  surrounds  the  cylinder  as  shown.  A  stiff 
discharge -tobe,  a,  penetrates  this  chamber  from  its  top  to  near  its  base, 
while  its  upper  part  has  a  horizontal  tube,  lu,  from  the  cylinder,  aa  an  air- 
vent,  which  also  communicates  with  an  overflow-pipe,  n,  extending  down- 
waid  on  the  outside  of  the  air-chamber.  In  cheap  pumps  made  of  thin 
aheet-metal  this  protection  of  the  working  cylinder  by  an  air-chamber 
encaaement  is  certainly  a  very  good  plan.  The  nir  chamber  may  fit  as 
though  it  were  a  bung  in  a  large  hole  through  a  fixed  or  removable 
head  or  septum  of  the  vessel,  and  attachment  L>y  a  fliinge  ot:  otherwise 
is  easily  contrived. 

The  Helmecke  Spray-pump  is  of  the  same  description  with  slight  mod- 
ifications consisting  chiefly  in  placing  a  lever  upon  the  piston,  and  the 
uverflow-pipe  uiBide  of  the  air-chamber  as  patented  in  No.  200448,  Jidy 
30,  ISIS,  by  Mr.  F.  A.  Helmecke,  of  Eound  Top,  Fayette  County,  Texas. 
This  pump  is  illustrated  in  longitudinal  section  in  Plate  XLII,  Pig  1. 
Tbe  lever,  c,  is  linked  {x)  to  a  pivot  above  the  disctmrge  spout  and  works 
the  plunger,  6,  in  the  cylinder,  a.  Below  is  a  suction-strainer  and  valve, 
e  o.  Higher  is  an  outlet  valve,  d,  to  tbe  air-chamber,  e,  and  discharge- 
spout,/^',  while  much  higher  is  the  overflow-pipe,  e/,  extending  down 
through  the  air-chamber.  Being  entirely  round  on  its  outer  surface 
the  pump  is  readily  inserted  in  a  large  bung-bole  of  the  barrel  or  poisou- 
ruceptacle  and  is  thus  held  while  being  worked. 

A  i)ump  having  its  cylinder  protected  by  an  air-jacket  was  also  made 
aud  used  in  Fayette  County,  Texas,  at  about  the  same  date  as  the  lat- 
ter in  an  apparatus  which  has  been  thus  described  by  Professor  Biley ; 

"The  Ykacbr  8pkuiki,xr.— This  is  a  sprmkler  iaveDted  by  Mr.  Georg«  Yeager,  of 
Flattioia.  Tex.,  (patent  No.  204410,  Ma;  tta,  ISTB).  Plate  LIV,  Fig.  6,  Is  a  part  aec- 
tiouAl  siiU  vien,  aod  Fig.  7  a  pluiu  view  thereof. 

"Itcoaaistaof  a  platform,  A,  upon  wliicli  ie  laid  a  barrel,  B,  contaiuiogtbepoisouoiig 
liquid.  A  mbber  boss,  C,  coDOocts  this  barrel  with  tbe  bottom  of  a  pump  ojlindcr, 
U.  Tbis  Of  linder  is  anpported  oq  a  step,  A',  aod  its  upper  end  lield  In  a  brace.  A', 
Httocbod  to  a  etandard.  A',  whicb  rises  from  the  platform,  A.  E  Is  tbe  puiup-plnuger, 
ecnuiected  to  » lever,  F,  wbieb  is  pivoted  in  the  npp«r  end  uf  the  standard,  A'.  The 
liquid  poieoD  ia  forced  oat  through  the  sprinklers,  0  G  6,  irhicb  are  thma  in  number, 
Mid  throw  the  water  in  a  fine  mist  over  three  rows  of  cotton.  A  rubber  hose,  I,  is 
attached  to  each  of  the  sponts,  U,  of  the  pnmp  to  form  councct  ion  with  tlu>  spriuklurs 
O  for  the  purpose  of  lengthuoing  or  shortening  the  BpoiitN,  especially  the  two  on  op- 
posite aides  of  the  pump,  and  of  detaching  and  cleaning  tbe  sprinklers.  Tbe  upper 
end  of  the  pump-oylinder  ia  left  open  and  a  upont  or  tiilio,  J,  is  connected  thereto  to 
conduct  the  liquid,  which  would  otberwiso  be  wasted,  back  into  tlie  barrul. 

"The  connection  ol'  ttiis  waste-pipe  with  this  mikubiue  is  the  only  puiut  which  is 
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claimod  as  now  b;  the  inventor.  The  sprinklera  or  nozzles  are  not  farther  deeeribedl, 
lint  it  IB  to  be  uader^tood  tfant  the  spray  is  prodnced  in  the  aarue  way  as  described  in 
tbie  class  of  sprinklers." 

Mr.  Yeager'a  nozzle  was  patented  September  2, 1879,  and  bas  been 
described  ou  p.  — .  This  and  the  more  recent  form  of  Mr.  Yeager'a  ap- 
paratus is  further  illustrated  in  Plate  XLIII,  Fig.  1.  The  pnmp  is 
represented  as  inserted  in  the  side-bung  of  a  barrel.  The  lever  is  indi- 
cated by  /,  its  fulcrnm  by  t,  and  the  piston  byp,  while j  is  the  over- 
flow-pijie  leading  back  to  the  barrel,  inside  of  which  is  seen  the  cylinder, 
Jt,  having  aT-shaped  suction-strainer  below,  and  a  ridge-like  discharge- 
passage,  leading  to  the  spout,  e*,  which  bears  the  nozzle,  n,  Itom  which 
the  spray,  «,  is  ejected.  The  method  of  removing  clogging  matters 
from  the  nozzle  chamber  is  also  depicted;  one  of  its  Bcrew.caps  being 
removed  the  linger  is  u3e<l  to  wipe  out  the  interior. 

Tlie  Pinter  spray-pump  is  that  patented  in  No.  233431,  October  19, 
1880,  by  Mr.  F.  T.  Pinter,  of  Schulenburg,  Fayette  County,  Texas,  as 
shown  in  Plate  XLln,  Figs.  2  and  3.  It  will  be  seen  that  the  ar- 
rangement of  the  pump  and  barrel  is  essentially  the  same  as  has  been 
noticed  above.  The  parts  have  the  same  k'tters  and  esplanation  as 
given  for  Mr.  Teaser's  pump  ;  but  in  Mr.  Pinter's  device  the  piston  is 
worked  by  motion  uommanicated  to  it  throagb  the  draft-wheel  crank  1, 
pitman-bar  2,  cranked  and  pinioned  mandrels,/,  cranked  pinions,  A6, 
iukI  sei;ond  pitman,  p.  This  particular  mechanism  for  transmission  of 
motion,  as  shown,  is  not  the  most  practioAl  that  can  be  devised  for  the 
purpose.  The  nozzle.  Fig.  3,  is  a  segmental  half-funnel,  with  a  block,  r, 
clami>ed  iuside,  so  as  to  leave  only  a  semicircular,  slot-shaped  passage 
by  which  the  liquid  Is  spread  into  a  spray.  Its  sectional  side  is  showu 
at »,  while  r  designates  the  block  in  its  interior.  Such  an  apparatus 
may  be  used  with  some  snccess,  and  it  may  be  passed  without  further 
criticism  niitll  its  actual  working  in  the  Held  eau  be  reiwrted  upon. 

[Single-actinij,  discharging  from  above  the  I'iston.] 

Small  vessel-pnmps,  having  the  discharge  from  above  the  piston,  were 
patented  by  Mr.  W.  L.  Ohipley,  of  Lamonte,  Mo.,  in  No.  251523,  Decem- 
Iwr  27, 1881,  and  by  Mr.  A.  J.  Weith,  of  Chicago,  III.,  in  No.  268962, 
Juno  0,  1882.  They  are  probably  not  better  than  the  average  of  the 
pumps  here  noticed,  but  specimens  of  them  are  desired  to  be  tested. 

Upon  tanks  or  barrels  of  liquid  sach  pumps  as  the  following,  which 
are  now  extensively  for  sale  by  the  trade,  may  be  used.  They  are  mostly 
designed  as  cistern-pumps,  or  small  well-pumps,  and  most  of  them 
might,  with  very  careful  cleaning,  be  employed  tor  lifting  water  during 
those  parts  of  the  year  when  they  are  not  in  nso  for  jtoisoniug.  Only 
a  tow  examples  eau  be  noticed  here. 

Arailable  ci*tem  or  well  pumps. — Pumps  of  the  same  general  pattern 
as  that  shown  in  Plate  XLV,  Fig.  2,  are  manufactnred  by  Messrs.  Bum- 
sey  &  Co.,  of  Seneca  Falls,  N.  Y.,  and  by  Messrs.  W.  &  B.  Donglaa,  of 
Middlctown,  Conn.     They  are  good  cistern-pnmps  and  may  be  used  on 
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taaka  or  barrels.  For  tbe  latter  purpose  the  base-pipe,  x,  is  inserted 
through  a  hole  iu  the  cover  aud  extended  by  a  piece  of  snction-hose  or 
metal  pipe  bearing  a  snction-strainer  in  the  bottom  of  the  reservoir. 
The  base-dange,  y,  is  then  serened  down  firmly  upon  the  eover.  The 
cylinder,  z,  is  of  larger  capacity  than  is  necessary  for  spraymg,  making 
harder  labor  than  need  be  with  puuips  specially  adapted  forsmall  sprays. 
Thelong  lever,  I,  needs  to  be  worked  slow,  but  with  much  strength.  Upon 
the  discharge-sxKtut, «,  is  an  air-chamber,  c.  The  discharge  may  be  taken 
from  tbe  cock,  b,  at  the  base  of  the  air-chamber,  or  from  a  hose  attach- 
ment at  the  top,  n.  The  latter  is  of  special  value  in  elevating  liquid  to 
fill  a  barrel  or  tank,  while  tbe  cock  may  prevent  siphoing  through  the 
pipe  when  the  machine  is  not  being  operated.  Pumps  of  this  general 
tibaracter,  and  of  the  smallest  sizes  now  offered,  retail  at  from  $10  to  tl3. 
The  simpler  so-called  "  Wheel  harrow  /orcepumps^  and  "  Truclc-itheeled 
or  Oarden-engine pumps"  are  of  this  same  general  type.  These  parties 
also  sell  the  same  styles  of  pumps  having  side  lugs  whereby  to  attach 
them  against  the  vertical  side  of  a  board,  frame,  or  wall.  Allied  to  the 
latter  are  their"  Windmill  pamps,"  which  have  no  lever  or  a  removable 
one.  These  cost  a  little  more,  but  may  be  used  to  better  advantage 
where  the  pump  is  to  be  worked  by  machinery. 

In  a  similar  way  may  be  employed  the  smallest  sizes  of  certain  stand- 
ard pumi>n  of  essentially  the  same  form  as  that  shown  in  Plate  XLY, 
Fig.  1.  They  have  a  crank  attachment  between  the  lever  aud  piston, 
whereby  tbe  short  arm  of  the  lever  is  inside  of  the  top  of  the  cylinder, 
which  is  enlarged  as  an  air-chamber,  having  ou  top  a  cap  that  is  not 
|)erforated  by  the  piston-rod,  and  these  pumps  are  known  as  "Tbe 
Lotus  pump,"  of  Mr.  W.  S.  Blunt,  100  Beekman  street,  New  York,  "  The 
jmtent  Pendulum  force  or  lift  pump,"  manufactured  by  Messrs.  W.  &  B. 
I>onglas,  of  Middletown,  Conn.,  and  *' the  Index  pump"  ot  Messrs.  Bum- 
sey  &  Co.,  Seneca  Falls,  N.  Y.  Their  prices  range  from  $10  upwards. 
"The  Lotus  "has,  besides  the  side-spout,  a  straight  waterway  from  its  top. 

The  small  "  Counter  jiumps""  or  Ale  and  Beer  pumps"  of  these  mana- 
facturers  can  be  used  as  simple,  cheap  instrameuts,  throwing  intermit- 
tent jets  and  not  giving  very  great  power.    They  cost  |5  to  98. 

Those  of  the  above-noticed  pumps  which  have  an  air-chamber  get' 
thereby  a  discharge  that  is  less  intermittent,  and,  although  they  are 
wmewhat  constant-acting,  they  are  not  true  "double-acting ''pumps, 
bat  sometimes  erroueonsly  bear  that  title. 

[Double-acting  Force-pumps  proper.] 

Tbe  double  acting  force-pumps  proper,  with  or  without  air-cham- 
bers, throw  a  more  coDstant  stream,  and  hence  are  the  best  as  tank  or 
barrel  pumps  for  supplying  continnous  jets  of  spray.  They  generally 
discharge  from  above  the  piston-head.  In  these,  as  a  rule,  the  up- 
ward strobe  prodnoes  a  suction,  filling  the  cylinder  with  the  liquid. 
The  downward  stroke  displaces  all  this  from  beneath  tbe  piston-head, 
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half  stopping  in  tbc  upper  cbamber  of  tlie  cylinder,  Trbich  is^rnluoed 
ono-Ualf  by  baving  a  terser  ili;iiaeter  or  an  enlarged  piston-rod,  while 
the  otliev  half  of  the  liquid  is  discharged.  On  the  next  or  upward 
stroke  the  half  that  remains  above  is  discharged  while  the  cylinder  is 
being  filled  from  below.  Tbuti  the  discharge  is  one-half  at  each  stroke 
white  the  suction  is  all  at  alternate  strokes.  Attempts  thus  thr  made 
to  produce  suction  at  both  strokes  add  more  complication  or  inconven- 
ioQcu  of  form  to  the  pump  than  the  gain  thereby  will  compensate. 
The  retUietion  for  semidisplacemeat  in  these  pnmps  is  commonly  ac- 
complished in  one  of  the  following  wiiys:  (I)  The  piston-rod  has  an  ont- 
side  capacity  equal  to  one  half  of  the  inside  capacityof  the  cylinder;  or 
(^)  there  may  be  a  median  piuskiug  septum,  and  the  upper  half  of  the 
plunger  ba»  an  outside  capacity  equaling  one-half  of  the  outside  ca- 
pacity of  the  lower  half  of  the  plunger ;  or  (3}  the  upper  half  of  the 
cylinder  may  have  an  inside  capacity  equal  to  one-half  the  inside  capac- 
ity of  the  lower  half  of  the  cylinder,  in  which  case  two  oppositely  work- 
ing piston-heads  arc  used  in  tbe  respective  halves  and  the  cylinder 
discharge  is  from  a  median  iioint ;  or  (4]  two  cylinders  of  cqnal  size  are 
used,  stuiding  end  to  cud,  side  by  side,  or  otherwise,  with  their  pistons 
acting  opi>ositely  or  alternately  to  discharge  through  the  same  spont, 
in  which  cases  one  cylinder,  may  discharge  through  the  other,  or  two 
separate  confluent  spouts  maybe  employed  for  the  outlet;  or  (5)  a  single 
piston  with  a  single  cylinder,  having  both  suction  and  discbarge  at  each 
end;  or  (G)  an  arrangement  providing  suction  at  bothends  and  discharge 
from  the  piston  at  one  end ;  or  (7)  the  suction  is  between  the  excurreut- 
vulved  pistons  working  together  simultaneously  in  a  U-shaped  cylinder 
supplied  at  one  end  or  ut  the  middle. 

A  pump  arranged  on  plan  No.  7  has  Iwen  described  as  seen  id 
Plate  XL,  Fig.  4,  as  tlie  "  Hydropult "  of  Mr.  W.  T.  Tose,  of  Boston, 
Mass.  The  plan  No.  <i  is  illustrated  in  an  air-pump  contrived  by  my- 
self, described  as  shown  in  Plate  XXXV,  Fig.  1.  The  pumps  on  tbe 
No.  5  plan,  as  heretofore  made,  arc  not  simple  enough  to  be  practical 
in  the  work  here  under  consideration.  Those  of  No.  4,  which  have  tbe 
twocylinders  with  contiguous  axles,  cannot  be  satisfactorily  used  except 
in  wells,  &c.;  also  those  with  two  cylinders  side  by  side  and  with  alter- 
nating pistons  are  too  complex  and  lack  (umpactness,  while  those  with 
two  cylinders  out  of  line  and  the  top  of  tbo  suction  cylinder  discbarsr- 
iug  into  tlie  base  of  the  di.scharge  cylinder  likewise  exhibit  rather 
more  complication  au<l  friction  than  seem  desirable  for  the  work  in 
question,  yet  one  of  these  which  will  answer  tbe  purpose  is  rei>resented 
in  Plate  XLV,  Fig.  4,  and  desen-es  more  special  notice. 

The  Champion  Force  pump. — Is  manufactured  by  the  Champion  In>u 
Fence  Company,  Kenton,  Ohio,  and  can  be  sold  at  a  moderate  price. 
In  the  figure  the  pnmp  cylinders,  a  b,  are  represented  as  opened 
upon  one  Ride  to  sliow  tbe  interior  parts.  Below  is  seen  the  auction 
pipe,  ft,  bearing  cylinder,  ft,  which  opens  above  into  the  base  of  tbe 
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cyliiidera,  and  tliis  lias  au  upward  discharge  apout,  ee,  dosed  above 
at  p.  TUis  and  the  standard,  /,  ai-o  joined  to  a  f  aDge,  it,  wliicli  ia 
acrewe<l  to  the  tank  cover.  There  are  two  pistons,  pp,  hinged  one 
to  either  arm  of  the  painp-lever,  which  has  its  fulci  uin,  z,  upon  the 
atandard,/.  Thereby  are  simoUaneously  and  oppositely  operated  the 
two  excurrent  valved  pistons  ia  their  respective  cyliuders. 

A  pump  after  plan  So.  2,  having  a  single-headed  reduction  piston, 
was  patented  by  Mr.  Ic.  Ramsdeu,  April  24,  18G0,  in  UTo.  23012,  but  no 
sample  pump  involving  this  principle  haa  yet  come  to  my  iuspection. 
The  displacement  capacity  of  the  upper  half  of  the  piston  is  oue-hulf 
that  of  the  lower  half,  which  works  through  a  packing,  fixed  iu  a  sep- 
tum dividing  the  pump  iuto  upper  and  lower  chambers  communicat- 
ing by  an  upward  valve.  The  constmction  is  an  odd  one  and  may 
yet  prove  serviceable. 

The  counterpart  of  the  latter  type  in  found  in  plan  N'o.  3,  in  the 
reduction-cylinder  pumps,  which  have  on  the  same  rod  two  piston- 
heads,  the  upper  one  of  half  the  capacity  of  the  lower,  while  the  upper 
part  of  the  cylinder  is  only  one-half  as  targe  as  its  lower  part,  A 
large  number  of  these  are  now  patented  and  being  manufactured  for 
wells,  yet  few  of  suitable  size  and  weight  for  use  in  tanks  or  barrels 
have  come  to  my  notice.  The  patent  on  the  reduction  cylinder  baa  ex- 
pired, while  the  recent  improvements  are  in  minor  details.  Among 
the  pamps  of  this  group  available  for  insecticide  apparatuses  is  one  of 
simple  construction  and  very  durable  as  now  made  by  Messrs.  Kumsey 
&  Co.,  of  Seneca  Falls,  N.  Y,,  under  their  catalogue  name,  ''New  Style 
Force-pump,"  and  another  whiuii  in  really  the  same  thing  under  a  di£fer- 
ent  name,  viz:  the  ^'Improved  Boubleacling  Suction  and  Force-pump,"  as 
described  in  the  sale  catalogue  of  Messrs.  W.  iS;  B.  Douglas,  Miildli- 
town,  Coon.  These  pnmps  of  smallest  size  cost  from  $10  lo  $12.  One 
of  them  is  shown  in  Plate  XLV,  Fig.  'i.  The  suction-pipe,  1c,  is  to  lie 
inserted  through  the  head  or  cover  of  the  barrel  or  tank,  and  its  flange, 
/,  can  be  screwed  down  firmly.  An  extension  hose  or  stiff  pipe  may 
be  used  to  prolong  the  suctioa-tube  to  the  base  of  the  reservoir,  whore 
an  ordinary  suction -strainer  .should  I>e  added.  The  upper  or  narrow 
half  of  the  trylinder,  c,  is  surrounded  by  a  swollen  bulb  or  air-chamber, 
a.  From  the  base  of  this  is  formed  the  discharge-way,  x  y,  having  a 
goose-neck  a|K>ut,  y  z.  The  hose  may  be  coupled  to  the  end,  z,  or  iu 
place  of  the  ueck,  at  y.  Since  the  piston-rod  has  two  bearings  in  its 
two  heads,  its  joint, ;',  is  essential.  It  will  be  seen  that  the  whole  is 
a  very  strong  pump,  also  serviceable  in  cisterus  or  wells.  Since  the 
second  or  upper  piston-head  takes  the  place  of  a  cap  and  packing  the 
pamp  is  in  no  way  complicated,  while  the  air-chamber,  in  addition  to 
its  double  action,  renders  the  discharge  more  constant. 

Thn  fullowing  list  menUoDn  kimla  of  rumps  wliiob  are  esaeatially  the  sume  as  tbogii 
Jut  dt-scribed,  but  Iubh  compact  in  the  arrangemeat  of  their  parts,  while  tbcy  tlitti.'!' 
inttr  M  io  aoveral  detaila  of  little  importauce  in  this  connection.    Though  mostly 
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available  for  veils  aod.  clatcnis,  tboy  are,  na  now  made.  Dot  so  well  adnpted  Tor  use 
in  barre1s,&c.,tbotigbBnia1ler,  lighter  ahyleoof  certain  ODeHCoald  be  msQiifact.nred  on 
the  same  general  plan  that  might  answer  for  this  purpoae. 

1.  The  "Bncleye  force-puiapB"  aa  noF  uiadB  by  Meaani.  Maat,  Fooa  Sl  Co.,  of 
SpriDgflelil,  Ohio. 

2.  The  pump  patented  by  Uesara.  J.  M.  &,  B.  Branaon,  of  Flusliio;;,  Oblo,  in  Ko. 
3496%,  Hovember  23,  I8B1,  and  that  by  Mr.  B.  BraiiBon,  In  Vi>.  237340,  Febmar;  I, 
1881. 

^  That  iasned  to  Mr.  B.  Bean,  of  SpriiigfieM,  Ohio,  ia  patent  Ko.  9Si3,  September 
13,  m»l,  and  "Bean's  aelf-regnl&ting  force-pump"  dsnow  made  at  No.  6  Loyd  strees, 
Atlanta,  Gn.,  Bird  &,  Haunsou,  proprietora.  No.  50  Marietta  iitreet,  Atlanta. 

4.  Odo  graotetl  iu  No.  338498,  March  8,  1681,  to  Mr.  D.  Gilbert,  of  Chamberebars. 
Pa. 

5.  That  in  the  patent  No.  177401,  May  IS,  1R76,  iasust  to  Mr.  D.  Johnson,  of  Aab- 
land,  Ohio. 

6.  No.  34157^  May  17,  Itibl,  granted  Mr.  B.  C.  Tandazen,  of  Ciuoinnati,  Ohio. 

7.  That  of  Mr,  P.  A,  Myera,  AsUlanil,  Ohio,  issueil  in  No.  10048,  February  38,  18B2. 

8.  Also,  the  "Ked  jacliet  force-pump"  as  now  manufaotiired  by  Mr.  J.  P.  Martin, 
of  Cincinnati,  Ohio. 

The  Agitator  Barrel-pump,  planned  and  perfected  by  mc  iu  my  work 
for  tbe  Department,  has  alrcaily  been  in  Professor  Hilcy's  annaal  report 
as  entomologist,  for-1881  (pp.  159-162).    The  description  is  as  follows  ; 

By  rererence  to  PUit«  XLVI,  Fig.  2,  tbe  barrel,  fc,  will  be  seen  in 
section,  and  some  of  its  details,  together  with  those  of  the  pump  ami 
stirrer,  may  be  noticed.  The  fulcrum,/,  baa  a  foot  below  screwed  to 
the  barrel.  Through  its  top  is  »  i>ivot,(>,  on  which  tilts  the  pump- 
lever,  I,  which  is  similarly  hinged,  at  b,  to  the  top  of  the  piscou-rod,  t. 
The  pnmp  cylinder,  g,  is  also  hung  upon  trunnions,  i,  projecting  into 
eyes.  In  this  illustration  the  eyes,  ee,  have  each  a  neck  fitting  in  u 
slot  cut  through  the  stave  oppositely  fhim  the  side  of  tbe  biiiig-hole, 
and  beneath  the  stave  is  a  foot  on  the  eye-piece.  Its  neck  is  so  short 
that  the  eye  is  held  down  firmly  against  the  top  of  the  stave,  while  the 
foot  is  as  tight  against  its  under  surface.  The  length  of  the  eye-piece 
is  a  little  less  than  the  diameter  of  the  bungholo,  into  which  it  muy 
be  inserted  to  be  driven  laterally  into  the  slot.  The  slot  is  longer  than 
the  eye-piece,  so  the  latter  may  bo  driven  away  from  the  bung-hole  Cor 
a  distance  greater  than  the  length  of  the  trunuiou-pivot.  Then  the 
pump  being  inserted,  until  these  pivots  come  opx>osite  the  eyes,  the 
latter  may  be  driven  back  as  sockets  over  the  pivots  which  play  in 
them  when  the  pump  is  worked.  To  hold  these  eyes  toward  the  pump 
and  upon  the  trunnions  a  wedge,  v,  is  driven  in  the  slot  beyond  each 
eye-piece.  Thus  the  pump  is  easily  attached  or  removed  and  its  union 
with  the  barrel  is  strong  and  firm.  Perchance  it  be  desired  that  this 
pump-hole  be  bnnged  the  side  slots  may  be  wedged  to  make  the  barrel 
tight. 

The  parts  of  the  pump  being  huug  as  described,  the  hinge,  h,  forms  » 
toggle-Join  I,  and  in  it.s  action  causes  the  pump  to  oscillate  on  its  tmn- 
uioiiH,  its  basal  end  swinging  wider  than  its  top,  as  indicated  by  tho 
dottcil  line  from  x  toy.    Upon  tbe  extremity  of  this  swinging  end  is  a 
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oop,  A,  tbroQgli  whicli  is  passed  a  Blirrerbar,  m  n,  made  to  sweep  back 
iiid  forth  in  the  lower  side  of  the  barrel,  Ihus  to  agitate  and  uiix  tbe 
iubstuDces  cousideTably  duriug  tbe  operation  of  tbe  pump,  every  stroke 
>f  tbe  handle  caasing  one  or  two  strokea  of  tbe  stirrer. 

The  method  of  iuserting  and  extricating  the  stirrer-bar  is  as  follows: 
It  is  raised  with  the  pump  until  tbe  end,  m,  comes  opposite  the  bung- 
hole.  X,  tbrongh  which  the  bar  may  be  pulled  out  by  the  cord,  w,  wUieh 
is  attached  to  the  end,  n,  and  also  preferably  to  the  buiiga,  r  and  z,  as 
showu.  Through  the  same  hole  tbe  bar  may  bo  inserted.  This  stirring 
device  is  the  simidest  in  construction  and  oi>erationof  any  yet  contrived, 
while  working  as  it  does  with  refereuco  to  tbe  coucavity  of  tbe  barrel 
it  is  perfectly  effective. 

Pumps  having  other  external  or  iuteruul  constructions  than  those 
Eibon'n  here  may  be  similarly  mounted,  and  it  matters  little  if  tbe  eye  or 
the  trunnion  be  either  on  the  pnmp  or  on  tbe  slot-piece.  But  some  of 
tbe  points  in  tbe  internal  construction  of  tbe  pump  may  be  briefly  noticed 
here.  The  lower  extremity  of  the  pistou-titbe  is  closed  and  has  a  cir- 
fular  se»t,  above  which  is  a  slot-ahaped  entrance  to  tbe  cavity  of  the 
piNtoii-tnlie.  Higher  is  another  circular  seat,  and  immediately  above  it 
another  inlet  to  the  piston-tube.  Betweeu  tbe  two  seats  is  a  circular 
sUde-vaive,  which  bears  a  packing  on  its  face  and  plays  loose  or  free 
up  aud  down  as  caused  by  the  pressure  to  open  tbe  lower  inlet  during 
the  downward  stroke  and  to  close  it  on  the  upward  stroke.  Tbe  npper 
cap  of  the  cylinder  is  quite  loose  about  tbe  piston-pipe,  and  holds  one 
end  of  a  sheath  or  tubuUir  packing,  the  lower  tree  cud  of  which  fits 
»itugly  uruuud  the  piston-pipe  and  tighter  to  the  same  when  tbe  fluid- 
pressure  is  on  the  outside  of  it.  Tbe  piston-tube  has  about  half  the 
capacity  of  tbe  outer  cylinder,  and  tbe  whole  arrangement  is  such  that 
tlie  pump  discharges  during  both  strokes,  being  a  constant-actiug  or 
double- acting  force-pump,  which  operates  the  same  whether  the  dis- 
charge be  taken  from  a  spout  upon  tbe  aide  of  the  cylinder  or  from 
the  side  or  end  of  the  piston-tube.  With  the  discharge  from  tbe  piston 
end,  and  a  suction-hose  upon  its  opposite  extremity,  the  pump  may  be 
used  apart  from  the  barrel, like  the  so-called  "fountain  pumps"  and 
"liydrouettes"  of  the  trade.  Its  valves  are  all  metallic,  and  it  may  \ye 
made  for  tbe  highest  pressures  or  to  throw  any  volume  desired. 

TLis  agitator-pump  combination  was  devised  for  use  with  suitable  ap- 
]>;ira*asea  of  all  kinds,  bat  iu  tbe  form  here  presented  it  is  eiipecially 
ilesigoe<l  for  wheeled  reservoii's.  It  works  combined  with  a  single  de- 
livery-tube or  extension  pipe  with  or  without  branches  or  nozzles  of  any 
sort  preferred.  This  device  embodies  the  simplest  suitable  stirrer  and 
double-acting  pump  for  insectloide  maclvues,  is  perfectly  efTective,  and 
I  have  found  it  tbe  most  satisfactory  of  all  tested  for  squirting. 

Conduits, Frames,  Portage,  and  CombiiiatioTts  of  Appurtenances,  without 
regard  for  distinctive  pump^cbaracteristiea,  will  receive  more  special 
consideration  in  the  descriptious  of  the  following  devices,  which  are 
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cliiefly  of  interest  on  account  of  the  featarea  of  tlieir  distribnting  pipe«, 
8upi>ort,  means  of  conveyance,  or  other  accessoiies. 

One  of  the  oldest  devices  in  our  country  for  throwing  liquid  poison  ii 
a  machine  thus  described  by  Professor  Eiley: 

"Tft*  Johnaon  Spray  JfatAtne.— This  sprinkler,  invented  by  Jadg« 
Jehu  W.  Johnson,  of  Columbus,  Tex.  {patents  No.  145571,  Decemba 
10, 1873,  nnd  No.  145572,  of  the  same  dat«),  is  not  only  the  oldest  ont- 
on  recoi-d  for  the  application  of  liquid  poison  on  a  large  scale,  but  pro- 
duces the  spray  in  a  novel  and  peculiar  manner. 

"The  accompany inf;  sketch,  [Plate  Llll]  TepmtentatliiB  mscbiue  inopention.  It 
will  be  seeu  tberel'rom  Ibat  it  eoaaists  of  a  tank  placed  upon  a  tno-whe«led  cut. 
The  piimp  tiueared  lo  the  top  of  the  tauk  \a  a  commou  double-acting  force  pump,  lad 
with  tlie  diacLai'ge-pipe  is  connected  a  tianHverse  pipe.  These  parts  iieed  no  fnnbtf 
description,  and  nothing  new  or  peculiar  ia  claimed  for  them.  The  claim  for  the  im- 
ond  patuut  mentioned  above  is  based  npon  the  addition  of  a  self-acting  pitman,  Ibt 
arrangement  of  which  can  be  seen  in  the  sketch,  and  which  is  more  fblly  iUnstntcd 
[at  Plato  LIV,  Figs.  1  and  2}.  The  letter  A  represent*  the  tank,  B  the  platfonuof  the 
cart,  which  ie  provided  with  the  two  wheels,  C.  These  are  much  smaller^haii  otdi- 
nary  cart-wheels,  in  order  to  give  the  reqnired  number  of  revolatious  neeeaaaij  to  Ibc 
successful  ojieriition  of  the  pump.  In  order  to  place  the  cart-bed  at  snch  an  e1eTati<n 
as  to  puss  over  the  rows  of  plants,  it  is  raised  b;  meaos  of  vertical  bars,  as  will  be  seeii 
in  the  sketch.  One  of  the  wheels,  C,  has  a  crank-pin,  c,  attached  to  it,  at  a  suiiablr 
distance  from  (he  ceoter,  and  to  this  erank-piD  is  attached  the  lower  end  of  a  piiman. 
the  DppiT  end  of  which  is  attached  lo  the  pump-lever,  G.  The  discliargc-pipe  of  Ibc 
pump  is  provided  with  a  valve  to  regnlate  the  flow  of  the  liquid.  With  the  tranv 
verne  pipe  befoi'e  mentioned  are  connected,  by  means  of  screw-joints,  bran  ch -pipes,  K. 
which  in  the  sketch  nnd  in  the  diagram  are  five  in  nnmber. 

"These  branch  pipes  are  made  of  cast  metal,  and  on  (heir  inner  surface,  at  iiw  lown 
end,  grooves  I  are  formed,  either  during  tbe  process  of  casting  or  by  planing  or  cni- 
liug  tbeni  outitfterwarde.  In  the  lowerendof  these  branch-pipesaplug  made  of  ml" 
ber  or  cork  is  inserted,  and  a  io<l  extends  from  the  plag  to  (lie  upper  enil  of  the  tuhr 
k,  where  it  engages  with  a  nut  by  which  tbe  ping  may  be  tightetieil  or  loownrd.  li 
will  be  seen  that  the  liquid  passing  through  this  pipe  must  escape  by  tray  of  tin- 
grooves  auii  aiMiiiiie  the  form  of  spray,  and  that  by  tightening  oi  loosening  the  plu; 
the  size  of  the  grooves  is  increased  or  diminished. 

"  This  machlue  mukes  a  remarkably  fine  spray,  but  it  possesses  the  same  disadvant*!.-' 
as  tho^  already  nienlioned,  namely,  the  ease  with  which  the  nozzles  clog,  notwilh- 
stfuiding  the  lecei  viug-pipe  of  the  pump  is  provided  with  a  strainer.  This  I  found  (n 
be  a  serious  drawbnck,  requiriug  frequent  stopping  of  the  driver  aud  his  dismoiiDiiu; 
to  remove,  cleuiiso,  and  reai^nst  the  plugs.  The  addition  of  the  self-acting  pitmu 
has  proved  less  useful  than  one  would  suppose,  for  Judge  JuhDson  himself  wnten  iw 
that  'experience  bus  demon  struted  tbe  fact  that  it  is  about  as  easy  aud  for  mora 
ecuQOUiical  to  work  the  pump  by  hand-power  than  to  use  the  pitman  rod.'  Bfdi*- 
peuhing  with  it,  the  tank  may  be  placed  on  any  cart  without  special  constrnttioa. 
This  machine  has  been  considerably  nsed,  but  its  price  (9^  witbont  the  cart)  ia  vcn 
high  when  compared  with  that  of  others  here  described." 

In  this  apparatus  any  suitable  force-pnmp  may  he  used,  nud  no 
special  pump  features  are  designated  for  it,  except  that  a  "double-act 
iiig"  one  is  recommended.  The  arrangement  of  the  pipe  to  bear  nozzles 
is  essentiully  tbe  same  as  may  be  seen  in  several  later  machines,  uota 
bly  in  those  of  Mr.  Jones,  Mr.  Binkley,  aud  Mr.  Ooodin,  as  describtil 
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below.  As  compared  witb  the  Jobusnn  machioe  ^ritb  its  pntDp  motor 
tliscarded,  these  exhibit  iiot)iing  new  of  much  value.  They  differ  e»- 
I>ecially  in  the  kinds  of  nozzles  employed,  but  all  nee  nozzles  of  old 

type. 

The  machine  of  Mr.  C.  0.  Jones,  of  MmaiUon,  Ala.,  is  represented  Id 
Plate  lAl.  In  its  arrangement  ve  find  one  of  W.  &  B.  Douglas's 
force-pnmpe  fixed  to  a  post  at  one  comer  of  the  reservoir.  The  pump 
sacks  the  poisoned  liquid  from  the  bottom  of  a  large  sqmire  tnuk  and 
delivers  it  throngh  the  main  and  cross-pipe,  which  extends  '25  feet  wide 
and  has  short  tubular  bmacbea  bearing  nozzle8,tbat  discbarge  the  liquid, 
10  feet  wide,  from  above  and  behind  the  tank.  This  receptacle  is  of  large 
size,  possessing  a  contents  of  250  gallons.  That  amount  of  poison  it  ap- 
l>Ue8  over  fire  or  six  acres.  The  weight,  of  course,  is  too  great  for  rapid 
driving,  and  six  mules  are  used  iu  the  field.  It  also  engages  much 
bnioan  labor,  requiring  four  men,  one  to  drive,  one  to  use  a  stirrer  in 
the  vat  to  keep  the  poison  diffused, and  two  to  take  tnins  :it  pumping. 
The  poiBOiiing  is  accomplished  at  a  great  expenditure  of  labor,  and  the 
method  is  in  no  way  economical.  It  is  a  good  example  of  the  old  method 
t>f  broadcast  spraying,  and  shows  well  the  possibility  for  the  spray  to 
blow  ujion  the  operators  in  machines  of  this  type.  The  pumj)  costs 
$23,  and  the  rest  of  tbe  Hp|>aratua  costs  about  950.  It  is  cumbrous  and 
not  economic.  The  illustration  given  above  is  from  a  photograph.  On 
this  and  some  notes  made  by  Mr.  W.  H.  Patton,  the  above  statements 
iire  based. 

What  is  said  of  tbe  two  following  machines  is-taken  from  Professor 
Riley's  Bulletin  on  the  Cotton  Worm : 

"The  Binklejf  Atomize. — This  sprinkler,  invented  but  not  patented 
by  llr.  J,  N.  Binkley,  of  Columbus,  Tex.,  and  herewith  illustrated,  is 
one  of  the  simplest  and  yet  one  of  the  best  in  use.  [Fig.  5  of  Plate  LIVJ 
ivpreseuts  it  in  operation  with  a  part  of  the  pump.  This  pump  is  the 
usual  double-acting  force-pump  secured  to  the  top  of  a  barrel  contain- 
ing the  liquid.  The  letter  a  represents  the  pump  cylinder,  b  the  air 
chamber,  and  e  a  transverse  tin  pipe  connected  with  the  discbarge  pipe 
of  the  pump  and  having  four  of  the  atomizing  nozzlcx.  [Fig.  1  of  Plate 
XXil]  shows  a  side  view  of  the  atomi2eron  u  somewhat  larger  scale.  A 
conical  tin  piece,  rf,  is  soldered  to  the  pipe  c,  having  at  its  end  an  orifice 
innch  larger  than  the  fine  perforations  of  the  previous  machines  do- 
(icribed.  A  circular  tin  plate,  e,  is  soldered  to  the  lower  side  of  the  cone, 
d,  so  that  the  jet  of  water,  issuing  with  great  force  from  the  orifice, 
strikes  the  plate  at  an  obtuse  angle  and  is  scattered  iu  verj-  floe  and 
far-reaching  spray.  The  large  orifice  permits  smaller  objects  to  be 
thrown  ont  with  the  jet,  larger  objects  being  prevented  by  a  straiuer 
from  eutering  tbe  pump,  while  by  a  slight  bending  of  the  distributing- 
plate,  so  as  to  bring  it  at  more  acnte  angles  with  the  nozzle,  the  siH^y 
may  be  thrown  more  and  more  upward.  The  whole  machine  is  very 
light .  and  simple  and  easily  made  by  any  tinsmith  at  comparatively 
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trifling  cost.  The  principal  drawback  to  it  as  at  present  constructed 
by  Illr.  Btuklcy  is  that  it  is  inade  Id  odc  piece,  so  that  iu  case  a  larger 
object  obstrncts  the  orifice  there  is  some  difficulty  in  removing  the 
same. 

"This  defect  conld  be  easily  remedied  by  making  the  cone  in  two 
pieces,  the  nozzle  itself  to  be  screwed  on  to  the  basal  or  solder&l  piece- 
The  plates  and  the  orifices  should  be  thoroughly  cleansed  and  drie<l 
after  use,  iu  order  to  prevent  rusting.  The  machine  with  foar  spouts,  as 
in  the  flgnre,  throws  the  spray  over  six  or  seven  rows,  but  its  capacity 
is  easily  increased  by  lengthening  the  transverse  pipe  (c).  Its  cost  is 
less  than  $10. 

"After  witnessing  this  machine  in  operation,  I  am  satisfied  that  the 
atomizing  principle  is  a  most  valanble  one,  and  that  with  modified  con- 
ducting pipes  or  tubing,  so  as  to  throw  the  spray  from  near  the  grouiHl 
up  into  the  plants  and  on  tho  under  surface  of  the  leaves,  as  in  Mr. 
Daughtrey's  machine,  it  will  give  great  satisfaction  because  of  its  cheap- 
ness and  simplicity. 

"■The  Goodin  Sprinkler. — This  machine,  invented  by  Idr.  James  L. 
Goodio,  of  Montgomery,  Tex.  (patent  No.  19S014,  December  11,  1S77), 
is  represented  by  the  accompanying  cuts.  [Fig.  4  of  Plate  LIV]  is  a  top 
view,  and  Fig.  3  a  side  view  of  the  same.  The  letter  A  represents  a  tank 
or  any  other  vessel  to  receive  the  poisoned  liquid. 

"  Iti  Ibo  lotrur  part  of  the  Corwurd  end  of  the  tank,  A,  is  suciired  a  diechargc-pipe,  B, 
the  inn-T  end  of  which  is  provided  with  a  valve  or  ordinary  airap-fancpt.  Tho  Bteni, 
C,  of  tlie  valve  or  fftnc«t  panses  np  tlirough  a  holo  in  the  top  of  the  tank,  A,  and  itH 
Tippor  end  ts  pivoteil  to  tho  end  of  a  loT^r,  D,  which  is  pivoted  to  a  short  Btaadard. 
E,  attached  to  the  top  of  the  tank,  A. 

''To  the  forward  end  of  the  pipe,  B,  is  attached  a  cross-pipe,  F,  from  the  forward  side 
of  thj  center  and  ende  of  wliicb  project  short  pipes,  0,  having;  heads,  II,  attached  lo 
their  forward  eods.  The  beads,  H,  are  perforated  with  tiumeroiia  small  holes.  The 
pipes,  B  F,are  Jointed  as  shown  in  the  drawing,  so  that  tbey  may  ivo  lengthened  or 
shortened  aa  circumstances  may  require." 

Wol/ram^s  Maektne. — One  of  the  more  recent  machines  is  that  repre- 
sented in  Plate  LI.  It  is  patented,  No.  241577,  May  17,  1H8],  by  Mr. 
John  A.  Wolfram,  of  Meyersville,  De  Witt  County,  Texas.  This  de- 
vice is  sijecially  interesting  as  another  attempt  to  poison  the  under- 
surfaces  of  plants,  and  this  is  expressed  by  Mr.  Wolfrain  as  follows: 
"The  object  thereof  is  to  construct  such  machines  or  devices  in  a  man- 
ner as  will  render  them  easy  of  operation,  and  sprinkle  the  plants  from 
above,  below,  or  underneath  the  leaves  at  one  and  the  same  time, 
thereby  touching  every  portion  of  the  plant  and  so  destroying  every 
insect  that  may  be  on  it  without  any  annecessary  waste  of  the  ijoison- 
ons  liquid."  The  constructions  and  operations  of  these  devices  be  de- 
scribes as  follows: 

"Iu  the  accompanying  drawings  A  represents  aiioitable  reservoir  or  tank  for  hold- 
ing the  poisonous  liquid,  said  tank  being  secured  in  an;  suitable  manner  to  aoarrisg* 
or  track,  B. 
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"To  thelBDk,  A,  ia  attached  a  suitable  pump,  C,  the  piston,  a,  thereof  having  con- 
nected to  its  upper  end  a  link,  b,  xthXeb,  In  taru,  is  coonected  to  an  arm,  c,  pivoted  tu 
the  nppet  end  of  a  standaid,  d,  rigidly  »eoQred  to  the  top  of  the  tank. 

"To  the  outer  end  of  Ilie  arm  o  is  pivoted  a  ttmI,  e,  its  lover  end  being  connected  ttr 
B  orank,  /,  nbich  has  its  basringa  in  the  side  of  the  tunk,  A,  and  gruuveU  pulley,  D. 
The  cmnk,/,  is  made  to  engage  with  the  grooved  pullof ,  D, in  such  mauuer  as  nill 
csnse  the  crank  to  revolve  by  the  rotation  of  tlie  pnlley.  This  I  aecomplisb  hy 
the  employmeot  of  the  ordinary  clutch,  g,  the  two  sections  f hereof  being  made  to  en- 
gage  with  each  other  by  the  lever,  A,  wliich  is  eonnected  thereto,  or  bu  disengaged 
when  the  pnmp  is  not  reqnired  to  be  operated. 

"The  grooved  pul)ey,D,  is  supported  by  a  suitable  bracket,  j',  connected  to  the  side 
of  the  tank.  A,  while  the  lower  grooved  pulley,  E,  ix  rigidly  secured  to  I  bo  inner  Mdu 
of  the  wheel  carriage  or  truck,  so  that  it  will  revolve  with  it.  A  belt  or  chain,  i, 
posses  over  the  two  pulleys,  D  E,  b;  vhicb  motion  is  conimnnicated  to  the  upper 
pnlle;  when  the  carriage  or  truck  in  in  motion. 

"  Connected  to  the  pnmp,  C,  ia  a  horizontal  pipe,  F,  to  the  end  of  which  ure  suitable 
faaceta,  k,  to  control  the  flow  of  Itqiiid  to  the  sprinkling  pipes,  these  faucets  being  of 
any  snitablu  construction  found  best  adapted  ta  the  purpose. 

"To  the  horizontal  pipe,  F,  is  connected  u  HUitablo  number  of  pipes,  G,  extending 
down  near  the  gtonnd,  and  provided  at  their  lower  ends  with  rose-hendN,  H,  each  of 
which  has  removable  screw  plugs,  [,  to  admit  of  their  being  cleaned  when  require<l. 
These  pipes,  O,  are  connected  to  the  horiaontal  pipe,  F,  by  unions  or  coupling  ^ectiouH, 
or  any  other  desirable  means  may  be  employed.  The  outor  pipes,  however,  I  connect, 
to  tho  pipe, F, by  the  addition  of  short  sections,  m,  of  pipe,  although  I  do  not  desire 
to  conflne  myself  to  any  Kpeciat  means  employed.  The  pipes, O,  arc  raised  to  the  re- 
quired height  from  the  ground,  and  by  a  suitable  lifting  device,  consisting  of  the 
horisontol  supporting  arm,  I,  formed  in  sections  and  hinged  together,  so  that  when 
opened  and  extended  they  form  a  continuous  horizoutal  arm,  ngsinst  which  the  pipOH, 

"To  the  supporting  nriu,  I,is  connected  a  curved  rod,  n,  pivoted  to  the  side  of  the 
tank.  A,  and  having  cimncctt'il  to  it  a  pivofeil  anii,o,  to  which  the  operating  lever,  A, 
is  secured,  liy  means  of  which  the  snpporting  ami,  I,  may  be  raised  or  lowered  oh  cir- 
cumstances require.  Tb's  snpporting  arm  or  carrier,  I,  lias  semicircular  seata.p,  to 
ivcoivo  tbe  pii>ea,0,  and  hold  tbem  in  an  upright  position.  The  object  of  forming  Ihu 
arm  or  carrier,  I,  iu  Mictions  and  hiuging  them  lugelhcr  lb  to  leduce  the  length  of  tbo 
same,  so  as  lo  enable  the  folding  of  the  pities  from  both  sides  of  the  carriage  or  tt^ck 
when  not  reqoire<l  for  use. 

"Therose-heade,  H, are  preferably  formed  with  rows,  1,2,3,  4,5,  and  6,  extending 
lengthwise  and  np  the  sides  nf  said  rose-heads,  so  that  the  plants  will  bo  sprinkled 
alravB  and  beneath  the  leaves. 

"The  unions  of  the  several  sections  of  pipes  admit  of  theit  being  folded  conveniently 
together,  so  as  to  admit  of  tbcir  being  trantiporled  with  ease  and  without  incuin- 
hrancc. 

"The  machine  will  sprinkle  as  many  rows  of  cotton  as  there  arepipes,  G,  they  being 
the  required  distanceaparttoeorrespondto  the  distance  between  the  rows,  the  hinged 
sections  of  the  supporting  arms  or  carriers  being  opened  and.ext«nded  in  accordance 
with  the  number  of  pipes,  G,  that  are  used." 

This  machiue  posseBEes  certain  poiatB  of  special  iuterest.  Tbe 
wheeled  reservoir  and  pumping  arraDgement  is  strongly  similar  to 
what  appeared  ia  Mr.  Johnson's  machine,  described  above,  as  sliowu 
in  Plat©  LIU  and  Plate  LIV,  Figs.  1  and  2.  The  plan  of  a  main 
T-pipe,  forming  extended  arms  with  backward  and  downward  branubes 
tor  carrying  nozzles,  is  also  an  old  feature,  occurring  Id  modified  formit 
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iu  tbe  inacliinea  of  Jolmson,  Goodin  (Plate  LIV,  Figs.  3  and  1), 
Daughtrey  (Plate  XXXVI),  and  otbers,  bat  hi  tlie  special  details  of 
this  pipe  system  some  few  features  of  iuterest  appear.  Aside  from  the 
exteDsioii  of  the  nozzle  brancfaea  to  uear  the  ground,  tbere  is  the  ro- 
taiy  joint,  k,  allowing  the  laterally -ex  tend  lug  main  arms  to  be  folded 
backwards,  aud  thus  to  narrotvtUe  apparatusfor  passing  through  gales, 
&G.,  while  the  whole  system  of  pi|)es  can  be  tilted  up  by  the  opeiBtion 
of  a  lever  to  allow  all  to  be  carried  above  stumps  or  in  turning. 

New  MacUne  and  improved  Accessories  for  Underspraying  Cotton. — In 
this  coQuectiOD  should  be  noticed  some  machinery  specially  devised 
and  perfected  for  applying  the  jwison  from  below  and  above.  The 
general  plan  of  the  machiue  is  in  accordance  with  Professor  Rilej'ti 
ideas  and  instmctions,  but  many  of  the  details  have  been  devised  and 
wrought  out  by  myself  in  carrying  on  the  work.  The  description  of 
the  machine  has  already  appeared  as  advance  matter  from  this  report 
iu  the  annual  report  of  the  United  States  Entomologist  for  1881-'82. 
It  may  first  be  described  as  represented  in  Plate  XL VI,  and  the  acces- 
sories in  Plates  XLVII,  XLIX,  and  XLVI  should  be  considend  in 
couoection  with  it,  as  also  the  results  of  some  experiments  made  since 
this  was  written." 

This  machine  is  transported  by  combiuatiou  with  a  wuguu  or  cart  or 
other  snitahle  vehicle,  and  consists  of  a  skid,  l>earing  a  barrel  or  other 
poison  i-eceptacle,  the  force-pump  and  stirrer  operated  therein,  the  hose- 
pipe leading  from  the  pump-spout  and  communicating  with  the  several 
branched  pijies  which  terminate  in  nozzles  carried  or  trailed  beneath 
the  plants  to  deliver  the  poison  sprsy  upward  onto  the  under  surfaces  of 
the  foliage. 

Tbe  skid  is  a  simple  frame  to  hold  the  horizontal  baVrel  from  rolling, 
and  consists  of  two  pieces,  Fig.  1,  a  a,  of  wood,  about  the  length  of  the 
barrel,  and  iu  section  about  3  by  4  inches,  joined  ))arallel  apart  from 
each  other  by  two  cleats,  6  b.  The  inner,  upper  angles  may  be  cut  to 
match  the  curve  of  tbe  barrel,  aa  at  c  e.  The  barrel  being  placed  upon 
this  frame  is  next  to  be  filled. 

A  good  device  for  mixing  the  poison  thoroughly  with  the  water  aud 
for  tilling  the  barrel  is  shown  in  section  in  Fig.  2.  It  consists  of  a 
large  funnel,  u,  that  will  hold  a  bucketful,  and  has  cylindrical  sides,  g  g, 
that  rest  conformant  on  the  barrel.  lo  this  is  a  gauze  or  tii)ely-|>erfo- 
rated  diaphragm,  or  septum,  d,  aud  a  funnel-shaped  base,  t  t,  with  its 
spout,  p,  inserled  through  the  bung.  The  Paris  green  or  other  pow- 
der is  to  be  put  in  the  funnel  and  to  be  washed  through  the  flue  perfo- 
ratious,  by  the  water  which  i.s  poured  or  pumped  iu  throagh  it  into  the 
barrel,  k.  Thus  no  lumps  of  poison  can  enter,  and  the  grains  of  poison 
being  thoroughly  wet  and  separated  remain  better  suspeudi^d  in  tbe  res- 
ervoir. Where  flour  or  other  adhesive  material  or  diluent  of  the  powder 
is  to  be  used  such  ingre<1ients  sbonld  be  washed  iu  first  aud  the  poison 
afterwards.  A  one-half  inch  dischargu-siiout  delivers  volume  euongh 
for  an  eigh^row  machine  like  the  one  before  as. 
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From  the  spoat  a  main  pipe  or  lioac  comrunDicates  to  a  pipe  extending 
ncrofiS  aod  alMve  the  rows  mid  benring  brauchca  dcflcendiog  iu  the 
ftlternate  interspaces  between  tbe  rows,  while  each  is  provided  with  a 
fork  or  pair  of  arms  to  supply  a  pair  of  rows.  In  tbie  Bpecial  form  of 
the  machine  tbe  main  cross-pipe  is  hinged  to  the  two  sides  of  tbe  body 
of  the  wagon,  and  at  one  of  these  jancturea  is  a  lerer  with  a  ratchet 
guadrant  whereby  to  elevate  tbe  descending  pipes  with  the  arms  and 
nozzles  when  tnrning,  oi'  to  surmount  stumps  or  other  obstacles,  for  in 
this  case  the  descending  pipes  are  inflexible  and  stifSy  attached  to  the 
roaiu  cross-pipe  and  the  lever,  that  they  may  be  elevated  by  depressing 
the  latter,  which  can  be  set  at  any  notch  desired,  so  that  the  arms  may 
be  allowed  to  trail  or  drag,  or  mny  be  suspended  partly  or  wholly  near 
the  groand  or  higher  to  suit  the  operator. 

There  are  other  ways  of  attaching  this  apparatus  which  allow  it  to 
conform  to  the  irregularities  of  the  ground  more  thorooghly  and  inde- 
pendent of  the  rocking  of  the  vehicle,  but  it  is  unnecessary  to  describe 
tfaetu  ia  this  connection. 

The  two  arms  of  the  main  cross-pipe  extend  in  a  direct  line  and  have 
alt  the  joints  and  segMienta  stiff,  while  the  segments  have  each  a  length 
-egaal  to  the  width  of  a  pair  of  row  spaces,  whereas  by  another  con- 
stzuction  set  forth  iu  this  report  the  main  arms  are  either  partially  or 
wholly  flexile  in  their  Joints  or  aegmeuta,  or  both,  and  they  may  stand 
at  an  angle  with  each  other,  or  continuously  parallel,  as  desired.  In 
those  cases  tbe  parts  are  supported  by  a  bar  or  frame  whichmay  or  may 
not  have  ranuers  or  legged-wbeela  other  than  those  of  another  vehicle 
combined  therewith,  and  the  descending  branches  are  also  usnally  made 
partially  or  wholly  flexile,  that  they  may  hang  or  drag  more  thoroughly, 
ooDformant  to  the  irregularities  of  tbe  ground  and  tbe  rows.  Similarly 
tbe  terminal  branches  on  the  descending  tubes  may  stand  parallel  or  at 
an  angle  with  each  other  and  be  straight  or  curved,  with  or  without 
flexile  joints  or  segments,  but  the  exact  construction  in  the  present  ex- 
ample ia  illustrated  in  Plate  XXXI X,  Figs,  4  and  6.  While  some  curve 
seems  usually  desirable,  it  may  be  made  either  in  tbe  descending  branch 
or  its  fork,  or  in  the  terminal  anna,  or  in  all  theae  parts. 

Beferring  to  Figs,  4  and  6,  t  ia  the  descending  pipe,  y  its  fork,  which 
may  be  braced  by  an  additional  piece,  and  this  may  servo  as  a  weight, 
yz,  to  bold  tbe  fork  from  being  lifted  or  tilted,  or  as  a  alide-plate,  ey, 
beneath,  to  prevent  the  ground  from  wearing  the  parts  above  it,  or 
again  a  separate  slide-plate  or  independent  weight,  freely  removable  or 
not,  is  sometimes  combined  with  tbe  fork  [as  will  be  shown  in  Plate 
XLIX].  There  are  also  different  ways  of  making  the  angle-piece,  and 
one  of  the  best  is  iu  Fig.  6  of  Plate  XXXIX,  where  two  curved  pieces 
of  tube  are  cat  and  matched  together  so  as  to  form  a  3-way  fork,  the 
angle,  y,  between  the  horizontal  parts  being  about  00°,  and  tbe  eleva- 
tioD  of  the  part-,  t,  which  is  Inserted  in  the  descending  branch,  is  about  - 
4tP  from  the  horizontal  base-plane.  Such  a  fork  offers  the  least  possi- 
63  COHQ 19 


290      BEPOBT  4,  UNITED   STATES   ENTOMOl OQICAL  COHMiSSIOS. 

bte  re-sistnnco  to  the  fluid  forced  throogh  it.  In  the  figure  the  tubular 
arms,  i  t,  are  joined  to  the  angle-piece  by  the  flexile  eheath  ooaplings. 
e  e,  having  stont  wraps.  To  prevent  the  Joint  thus  formed  froiu  beanir 
too  flexile,  and  to  give  it  additional  elasticity,  a  rod  of  spring  metsl 
extends  inside.  These  spring  roda  canse  the  arms  to  spring  to  Ih* 
sides  of  the  cotton  plants  and  the  fork  to  swing  or  close  as  pressed 
.  apon  by  the  row  or  not,  and  thereby  conform  the  positions  of  their  ter- 
minal nozzles,  n  n,  to  the  variable  width  or  courses  of  the  rows,  to  applv 
the  same  to  discharge  diagonally,  or  Stom  the  center  of  each  plaot,  ap- 
ward  into  its  foliage. 

The  nozzles  may  be  joined  inflexibly  or  by  an  elastic  anion  with  sheath 
and  spring  rod,  or  in  any  of  the  flexile  parts  named  spring-lined  snction- 
liose  or  a  torsion  spring,  to  allow  partial  but  not  complete  rotary  move- 
ment, may  be  employed.  Bach  terminal  arm  forms  a  supply  tnbe  to  its 
nozzle  chamber,  which  has  an  eccentric  iulct- passage,  from  the  samt 
tangentially  throngh  its  wall,  admitting  the  fluid  so  eccentrically  thai 
it  whirls  in  the  chamber  auA  discharges  through  a  side  outlet  in  the 
ibrm  of  a  spray.  The  whirl  thos  prodnced  is  very  intense  and  gives  the 
tiuid  snch  centrifugal  motion  as  will  disperse  it  broadly  from  the  orifice 
4md  thvis  produce  a  very  finely  atomized  spray.  The  spraying  power- 
varies  with  certain  details  in  the  proportions  and  construction  of  the 
]>8ssages  and  other  parts.  With  a  suitable  straining  device  in  the  base 
■of  the  pump,  bodies  large  enough  to  clog  the  small  outlet  cannot  enter, 
but,  should  clogging  materials  enter  otherwise  to  interfere  with  the 
discbarge,  the  face  and  back  of  the  chamber  may  be  easily  taken  apart 
to  remove  matters  from  the  interior.  The  nozzles  project  so  little  be- 
yond the  supply-pipe  as  hardly  to  catch  upon  the  plants,  and  in  case 
any  objection  be  raised  to  the  slight  recess  sometimes  occurring  betweea 
Ihe  chamber  and  its  pipe,  that  may  be  filled  completely  by  metal.  This 
same  nozzle  is  used  with  equally  good  eflect  on  other  pipes,  hydronettefl. 
syringes,  or  pumps,  as  well  as  on  blast  atomizers,  and  is  nnsnrpassed 
for  spraying  diagonally  or  upward,  as  here  desired. 

The  final  peculiarities  of  the  nozzles  and  distributing  parts  of  th« 
machine  just  desciibed  have  been  attained  in  the  course  of  extended 
experimentation  in  my  work  under  Professor  Riley,  and  I  have  com- 
bined them  with  each  other,  with  various  forcing  media,aQd  with  meaQR 
of  support  and  conveyance  in  some  of  the  ways  which  seemed  to  me 
practical.  Before  noticing  other  examples  of  their  application  it  will 
be  well  to  consider  their  internal  aoatomy  more  carefully  here.  For 
this  pnrposc  attention  may  be  directed  to  Plate  XLIX,  Figs.  2  to  T. 
Plate  XXXIX,  Fig.  4,  illustrates  the  form  of  fork  nsed  in  the  compound 
machines  represented  in  the  plates  cited,  while  Plate  LXIX,  Figa  2  to 
7  present  se^'eral  modifications  of  the  fork  and  its  parts  as  planned  aod 
tested  by  myself. 

Keferring  to  the  figures  citeil  the  parts  may  be  explained  as  fbllovg: 
k  is  the  coupling  or  segment  of  hose  or  other  suitable  material,  and  I  i« 
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the  main  pipe  ofthe  V-fork.  Tbis  main  may  be  of  any  practical  leugtb 
aa  a  pipe,  or  can  be  short  enough  to  be  ref^arded  only  as  a  coupling 
part.  The  angle  coupling-piece  proper,  indicated  by  y,  can  be  vari- 
ously made.  For  example,  a  solid  piece  may  be  bored  with  three  con- 
verging intercepting  holes,  or  these  passages  can  be  cored  out  in  a 
casting.  The  piece  may  have  any  suitable  form  or  weight.  It  should 
b«  ronuded  in  front  and  rather  smooth  in  order  not  to  catch  or  hang 
upon  vines  or  other  bodies,  and  it  may  have  a  basal  lobe  extending 
back  beneath  or  to  the  sides  to  prevent  injuries  to  the  parts,  e  j  y. 
These  parte,  as  a  rale,  are  not  necessarily  to  be  protected.  Bat  I  have 
sometimes  added  a  thin  sheet-metal  plate  with  more  or  less  up  turned 
sides,  while  it  is  firmly  attached  or  hang  loose,  as  in  Plate  XXXIX, 
Fig.  3  ej.  Coupling-nibs,  tj  j,  are  screwed  or  sweated  into  the  angle- 
piece,  y.  I  Also  have  planned  other  fork  constructions,  and  one  is  shown 
in  Plate  XXXIX,  Fig.  5.  This  style  works  excellently,  and  probably 
oflFers  about  the  least  resistance  possible  to  tbo  inside  current.  It 
consists  of  two  carved  tubes,  j  j,  cut  and  matched  together  as  shown, 
.  one-half  b«iug  cut  from  one  end  of  each  and  the  two  half  ends  are 
*  united  side  to  side  to  form  the  single  entrance  to  the  two  diverging 
parts.  Such  a  fork  is  both  strong  and  light.  In  the  angle  y  can  be 
inserted  a  filling  or  brace  to  increase  its  strength.  Probably  the  ensiest 
way  of  joining  tubes  to  form  the  angle-piece  is  that  shown  in  Plat^ 
XLIX,  Fig.  4,  as  a  simple  right  angle  T-tube.  In  this  e  represents  the 
sheath-conplings  of  rubber  hose.  When  this  method  of  coupling  is 
used  the  ends  of  the  tubes  should  be  slightly  tiitred  or  grooved  or  au- 
nulated  on  the  outside  to  keep  the  hose  and  wire  wraps  from  being  pulled 
off.  When  desired  metallic  Joints  can  bo  made  at  these  places.  Such 
are  shown  in  combination  with  the  reverberatory  chamber-fork  iti  Plate 
XLIX,  Fig.  3,  where  the  ontside  flange  of  the  end  of  the  arm-piece  is 
clamped  against  the  centerpiece  (or  an  intermediate  packing-ring)  by 
the  inside  flange  of  the  nut  This  gives  the  joint  freedom  of  rotation. 
The  other  essential  parts  of  this  figure  peed  no  further  explanation  here. 
The  central  chamber  there  appearing  is  of  more  special  value  as  an  equal- 
izer in  distributing  blasts  laden  with  powders  or  liquids. 

Tfa.^  pair  of  arm-tubes,  e  t »,  may  extend  from  their  focus,  fonningT-pipe 
branches,  or  they  may  t>e  set  at  any  suitable  angle  with  each  other  or  with 
their  main  as  Y-pipe  branches,*  and  they  can  have  any  leugth  that  is 
practical.  These  branches  may  be  entirely  stiff,  or  partly  or  entirely 
flexible  or  elastic.  When  stlft^  if  continued  straight  throngbeut  their 
length,  the  distal  portions  especially  will  be  liable  to  catch  upon  obsta- 
cles and  upon  the  plants,  to  injure  the  latter  or  cause  the  pipes  them- 
'  Belves  to  be  damaged  by  breakage  or  bending.  To  prevent  these  lateral 
brauches  from  mutilation  or  mutilating  I  have  generally  directed  them 
wholly,  or  at  least  their  distal  portions,  in  a  somewhat  backward  man- . 
ner.  Such  a  stiff  form  is  shown  in  Plate  XLIX,  Fig.  if,  where  each  arm 
ia»  a  regular  backward  curve.    The  arms  are  joined  by  a  regular  T- 
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ooapliDg,  and  are  entirely  stiff  tbrongliont.  The  l>rancli,  h  t,  may  also 
be  atiff,  but  in  casta  the  arms  are  rigid  it  will  generally  be  preferable 
that  this  main  be  flesiblo  tbrongUout,  or  at  least  in  one  of  its  jonct- 
ures,  k.  Any  or  all  of  the  three  tubes  forming  the  fork  may  be  made  cu- 
tirely  elastic  by  using  hose-tubing  with  coiled  or  straight  springs  on 
the  outside  or  the  inside  of  the  same.  A  straight  piece  of  spring  metal 
is  generally  preferable  from  being  simpler  and  cheaper.  In  case  any 
peculiar  curve  or  position  is  to  be  given  to  the  hose-tabes  it  may  simi- 
larly be  done  by  a  rod  having  elastic  or  inelastic  properties.  To  pre- 
vent such  a  rod  from  sliding  out  of  its  proper  po!>ttiou  in  the  tube  it 
sboald  be  secured  in  at  least  one  iwint  In  Plate  XLIX  Fig.  5  is  a 
sectional  view  of  a  fork  showing  how  the  rod  may  be  inserted  and  fast- 
eneil;  t  is  the  insertion  of  the  main,  and  j  represeuta  the  arms  or  their 
coupling-pieces,  while  y  is  the  angle  coupling.  The  rods  to  extend  into 
the  branches  are  indicated  by  s  c.  In  this  case  they  are  shown  with 
the  one  end  s  free  while  the  two  cross  in  the  angle,  and  each  has  its 
other  end  riveted  or  soldered  at  c,  in  a  hole  drilled  through  the  walls 
of  the  passage.  Where  the  central  piece  is  a  casting  this  method  is 
sometimes  the  best,  but  in  Plate  XXXIX,  Fi^.  i,  a  single  rod,  repre* 
sented  by  the  broken  linc«  a,  extends  aronnd  tbronghboth  arms  acting 
as  a  V-spring.  Wliere  the  middle  coupling  is  made  by  joining  pieces  of 
pi  pe[/6.,  Fig.  fl.],  a  rod  of  such  shape  is  easily  inserted  before  the  parts  are 
united.  Other  variations  in  the  construction  of  these  same  devices  can 
be  thought  out  by  any  practical  mechanic,  and  heime  such  need  not  bo 
descril)ed  here.  When  long  sections  of  hose  are  used,  where  they  tend 
to  sag,  bend,  or  kink  as  along  the  more  or  less  horizontal  supporting 
bar  or  frame,  or  in  the  nozzle-bearing  arms,  inside  rods  shonid  be  in- 
serted as  supports.  They  are  also  of  valno  to  hold  hose  sections  at 
any  particular  curve  desired.  The  flexible  flections  or  joint  sheaths, 
e  e,  are  easily  made  by  any  planter  and  require  no  special  meclnmical 
skill.  The  hose  segment  s'lould  flttight  upon  the  metal  one  and  beheld 
firmer  by  a  single  band  or  wire  wrap,  o,  twisted  or  clinched  tight  aronud 
it.  The  flexibility  of  hose-coupled  joints  allows  no  breakage  of  the 
pipes,  by  permitting  only  tensile  strain  without  lateral  strain,  rendering 
repair  selilon^  necessary,  whereas  with  stiff  joints  the  segments  are  very 
liable  to  bend  or  break,  especially  at  their  ends,  where  weakened  by  th« 
thread  cut  for  insertion  in  the  screw-conplings.  Stiff  systems  reqniro 
the  pi^je  to  be  several  times  heavier  to  prevent  bending  and  breakage, 
Thaa,  aside  from  the  economy  in  having  much  less  weight,  the  lighter 
tabing  costs  less ;  and  tliis  reduction  in  weight  and  price  allows  the 
use  of  brass  tubes,  which  are  much  preferable  to  heavy  iron  pipes  that 
rust  and  are  otherwise  olyectiouable.  Also,  on  this  plan,  even  light  zioo,  ' 
tin,  or  other  sheet-metal  sections  or  angle-pieces  which  are  not  soldered 
stiffly  together,  but  are  easily  separated  or  joined  by  any  planter,  can 
be  employed.  The  lightest  and  cheapest  apparatus  can  be  made  iu 
these  ways,  and  with  the  least  amount  of  labor  and  skill  in  construct- 
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JDg  or  repiuriDg  tliem.  It  was  for  these  reasons  that  I  first  nseil  flexile 
systems  of  tabes  and  cheap  apparatuses  to  be  tested.  Wben  tbey  tnul 
upon  the  ground  they  are  not  aflected  by  its  irregularities,  nor  do  they 
catch  upon  the  plants  to  receive  or  give  iujury,  bat  conform  easily  to 
ftii  changes  of  the  ground  or  the  rows.  lu  tnrniug  in  the  cottou  the 
haogiug  flexile  forks  drag  through  among  the  phiuts,  and  when  the  ap- 
paratns  is  turned  short  on  only  two  wheels  bo  thAt  one  of  its  sides 
swings  somewhat  backwards  while  the  other  goes  around,  or  when  the 
machine  is  backed  by  atiy  accidental  or  JRteutioual  movement  of  the 
horses  in  the  cotton,  the  forks  are  not  pushed  into  oragainst  the  plants 
in  the  ii^urious  manner  which  might  result  were  the  titem  and  branch 
pipes  entirely  stiff;  bat  in  such  cases  the  pliable  pipes  bead  while  the 
lower  part  of  the  fork  does  DOt  move  or  else  is  dragged  backward  with 
no  possible  harm.  But  in  order  that  the  wheels  in  turaiug  do  not  mn 
onto  the  fork-arms  if  lying  on  the  groaod,  these  must  1>e-6asi>caded 
from  safe  points  either  before  or  behind  the  wheel,  or  at  such  a  distauce 
to  one  side  from  the  wheel  that  it  cannot  be  turned  forward  or  backward 
.  to  roll  upon  the  arms.  The  pecaliar  dispoeitiou  of  the  parts  in  the  A- 
fnme  machines  shown  in  the  plates  is  such  as  to  insure  safety  in  these 
respects.  It  should  also  be  added  that  block-tin  pipes  and  copi>er  or 
lead  tubes  are  valuable  on  aoconnt  of  their  being  less  subject  to  corrosion, 
but  the  softness  or  pliability  of  these  metals  allows  such  tubes  to  bend 
easily,  hence,  where  employed,  they  should  bo  attached  at  short  in- 
tervals upon  some  rigid  sapport-or  have  a  stiff  internal  rod  sach  as  I 
have  introduced  in  hose  to  maintain  it  in  such  direction,  course,  or  po- 
sition as  may  be  wished.  Zinc  does  not  rust,  but  is  most  easily  cor- 
roded by  anytbing  of  an  acid  naturu.  It  will  geuerally  be  pieferred  to 
common  tin,  but  is  somewhat  solter  and  breaks  more  easily.  Such  pipe 
systems  can  be  used  with  any  kind  of  poison  receptacle  or  with  any 
foridng  medium,  sach  as  a  force-pump,  bellows,  gas-pressure  generator, 
or  a  gravitating  coinmn  of  liquid. 

For  pipe-systems  of  itiSty  flexible,  or  flexible-jointed  tubing,  raabrac- 
iug  forks  of  the  kinds  just  described,  to  be  carried  or  trailed  through 
the  field,  I  have  combined  groups  of  various  sizes,  including  two  or 
more  of  the  forks,  and  some  diffureut  means  of  support  and  conveyance 
of  the  same  need  to  be  considered  here.  The  old-fashioned  way  of  giv- 
ing support  to  the  primary  or  main  trunk -branches  of  tubes  by  attach- 
ing them  to  the  rear  horizontal  parts  of  any  suitable  vehicle,  to  some 
frame,  bar,  or  box  upon  the  same,  is  naturally  the  simplest ;  but  adjust- 
ability to  suit  row-spaces  of  different  widths  is  dcsiredj  and  different  ar- 
rangements with  these  should  be  adopted.  As  illustrating  this  topic  the 
following  machine  sliould  be  noticed.  This  machine  was  planned  by  me 
and  tested  to.8bow  a  possible  adjustability  and  the  iiossible  width  that 
might  be  embraced  in  one  of  these  machines.  Plate  XLVII  exhibits  a 
rear  view  of  this  apparatus  as  cut  from  a  photograph  of  it  taken  to 
show  its  operation  in  the  field.    The  cotton  being  unusually  small  aud 
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{lartly  stripped  tbe  macbioe  is  mach  lees  coDcenled  tbao  it  <in)al(I  be 
had  a  field  of  larger  cottou  been  selected.  Tbe  groiitut  plan  of  tbe 
frame  aafl  system  of  pipes  Is  diagrftinatically  illustrated  in  Plate 
XLIX  ill  Fig,  1,  wbile  tlio  same  dcTicc  as  foldeti  iiarrow  to  be  liaulcd 
tUrongb  gat  s,  &c.,  is  cut  from  a  photogiapli  as  seeo  in  Plate  XL VIII. 
By  reference  to  tbe diagiiiui  tbe  frame,  a  x  In,  is  seeo  to  be  A-sbai>e(], 
and  is  coinjHtsetl  of  two  main  bars,  a,  binged  togetber  by  a  bolt,  at  o, 
extended  by  two  long  arms,  x  I,  spliced  on,  at  x,  while  a  cross-piece,  zm, 
is  bolted  on  as  a  setlxit  upon  which  tlie  side  bars  can  be  set  at  a  wider 
or  lesser  angle.  Numerons  holes  for  this  purpose  will  be  sien  in  tbe 
cross-bar.  This  crosu  piece  is  also  cut  and  spliced  at  its  middle  go  that 
its  one  half  can  lap  agaipst  tbe  side  of  the  other  when  the  frame  is 
iiarrowed.  Beneath  tbe  side  bars,  Dear  their  middle,  legged  wheels  are 
attached. 

These  appear  best  in  Plate  XLYIIl.  Tbe  crank-asle  of  the  wheel 
has  a  round,  upturned  pivot  inserted  in  the  base  of  the  vertical  leg 
which  is  tabular,  being  a  piece  of  heavy  ga^-pipc  with  a  solid  T-platc 
welded  in  tbe  top  and  bolted  to  the  frame.  The  cmnlc-asle  also  has 
attached  to  it  by  a  band  clamp  a  Ptout  brace  extending  upward  and 
forward  to  the  cross  bar.  The  pivot  arrangement  allows  tiie  wheel  to 
be  set  parallel  to  the  rows  after  being  thrown  out  of  parallelism  by  set- 
ling  tlie  side  bars  closer  or  farther  from  each  other.  Tbe  legs  described 
elsewhere,  and  shown  in  the  machine  fij-ured  in  Plate  L,  are  iil^ewiso 
adjustable  on  a  vertical  pivot  and  answer  the  same  pui-pose,  while  they 
are  simjde,  strong,  and  on  some  accounts  preferable  to  those  here  nscd. 
They  may  be  employed  on  the  A-fraiue  instead  of  these.  The  frame  is 
thus  supported  at  its  sides  near  the  middle,  so  nearly  all  of  its  weight 
comes  on  the  two  wlieels ;  but  Us  forward  half  is  the  heavier,  and  this 
is  sustained  and  the  whole  is  drawn  by  tbe  apex-attaehmeut  to  the 
bind  end  of  the  body  of  a  wagon.  This  frame  should  be  hioged  fast, 
preferably  near  one  corner  of  the  bo<ly  and  at  a  point  over  the  center 
of  the  row  interspaces.  This  can  be  done  in  various  ways,  but  a  move- 
meut  up  and  down  as  well  as  laterally  and  some  degree  of  rocking 
should  be  allowed  at  this  joint  between  ihe  wagon  and  the  frame.  It 
can  be  linked  by  a  clevis  or  otherwise  to  the  eye  of  the  end-gate  rod ; 
but  a  stronger  fastening  consists  of  a  thick  block  4^  by  4^  inches  n 
little  longer  than  the  width  of  the  box,  but  with  its  ends  halved  out  to 
allow  it  to  drop  snugly  lialf  way  in  and  bang  close  against  the  end- 
gate,  against  which  it  is  palled  by  the  frame  which  has  a  pivot  or  bolt 
inserted  through  its  front  end  and  through  one  end  of  the  block.  By 
this  arrangement  the  strain  upon  the  end-gate  is  somewhat  equalizeil, 
and  the  whole  is  easily  detached,  for  at  this  connection  the  wagon 
should  be  conveniently  separated  whenever  it  is  to  be  driven  off  for  a 
fresh  supply  of  water. 

In  Piute  XLIX,  Pig.  1,  tbe  system  of  pipe-branches  appears  separated 
slightly  from  the  side  bars  to  which  its  main  branches  are  normally  at- 
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taclied,  and  is  deeigoatcd  by  tlie  letters  owvct,  &c.  The  Y-forks,  t  y  », 
are  tlie  same  as  liave  beea  described.  Eacli  of  these  is  joiued,  at  v,  to 
a  bide  branch  of  the  pipe  ou  the  sidebar.  Sach  a  braach  is  showu  at 
V  b,  Plate  XLIX,  Fig.  8.  This  branch  is  preferably'  made  of  a  piece  of 
tabo  cut  very  diagonal  and  svcated  on  over  a  hole  in  the  aiui-pipe. 
The  diagooal  cut  gives  it  a  much  longer  attaebmeut,  and  the  acute  angle 
can  bo  more  easily  filled  orbraced,atv,thancould  a  right  angle.  Even 
where  a  right-angled  fork  is  desired  it  bad  better  be  formed  in  this  way 
and  then  have  a  curve  to  bring  its  distal  parts  to  a  right-angled  direc- 
tion. The  straight  part  shown  in  Fig.  8  can  be  very  short,  and  thus 
have  only  the  length  of  a  coupling,  or  it  may  extend  as  an  entire  long 
section  reaching  to  the  next  branch.  In  the  latter  case  the  macbino 
will  embrace  fewer  pieces  and  be  Biui])ler  in  construction.  The  sectiooB 
of  pipe  upon  the  frame  are  i)referab]y  joined  together  by  shealh-coujt- 
liugs  of  hose  with  single  wraps  of  wire  or  metal  bands.  The  main 
branch,  o,  of  this  pipe-system  is  connected  by  a  bose  to  the  spout  of  a 
force-pump,  operated  as  in  Flates  XLVI  and  XLYII.  Any  suitable 
force-pump  oiay  be  nsed;  but  that  described  (p.  282)  and  illustrated 
(Plate  XLVl)  is  probably  the  best. 

This  machine  is  probably  the  broadest  one  evec  put  on  wheels.  It 
poisons  sixteen  rows  at  one  time,  a  strip  about  60  feet  or  20  yards  wide. 
Yet  the  whole  concern  is  light,  and  as  I  tested  it  in  the  cotton,  the  pull- 
ing was  easy  work  for  two  horses-  This  is  about  the  maaimum  size 
that  can  be  used  practically,  and  esperieuce  may  demonsti'ate  that  it  is 
better  to  use  a  narrower,  more  wieldy  machine  and  drive  at  greater 
speed.  One  of  the  smallest  force-pumps  of  the  trade  with  a  ^  inch  or 
g-inch  spout  supplies  it  with  sufficient  liquid  and  pressure  without  being 
tiresome  work  for  one  man,  and  with  my  nozzles  it  required  only  10  to 
15  gallons  to  poison  an  acre,  whereas,  before  their  introduction,  40 
gallons  or  more  were  required.  By  these  devices  the  poison  can  be 
more  evenly  and  sparsely  difi'used,  and  one-tbird  the  amount  of  poisoii 
thus  applied  will  be  equally  as  effective  as  the  whole  amount  admin- 
istered with  the  other  devices  now  known.  With  large  cotton  more 
IKiison  and  more  water  should  be  distributed,  so  the  amount  of  water 
with  these  nozzles  will  probably  vary  {torn  10  to  2o  gallons  jier  acre, 
and  the  poi-soii  in  proportion.  After  tbe  pipes  are  once  cleared  of  rub- 
bish, the  straiuer  ou  the  }>ump  prevents  clogging  material  item  reach- 
ing tbe  nozzles  and  there  is  comparatively  little  difficulty  from  choking 
of  tbe  outlets.  When  this  does  occur  each  nozzle  is  readily  opeued  to 
remove  any  obstructing  object.  At  tlie  outset  it  is  desirable  to  putnp 
very  rapidly  until  the  pipes  are  tilled,  all  the  air  is  out,  and  a  good 
pressure  established  equally  upon  all  the  jets;  then  the  spray  will  l>e 
discharged  regularly,  filling  tbe  rows  with  a  very  fine  mist,  which  poi- 
sons all  snrfAces  of  the  plant  but  especi^ly  the  under-sorfaces,  where 
the  poison  will  be  practically  permanent  to  destroy  existing  worms  oi 
prevent  others  thereafter. 
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KacUtLea  of  the  above  description  bat  of  smailer  size  do  Dot  necc 
the  legged  wheels,  but  are  tnoanted  cutirely  upon  the  cart  or  vagoL 
in  which  case  the  cross-bar  of  the  frame  reBts  upon  the  rear  part  li 
the  vehicle,  and  the  front  angle  of  the  frame  is  attached  ^her  fut- 
ward;  but  where  eztremest  width  is  aimed  at  wheels  so  cloee  togetbet 
as  those  of  a  wagon  aro  objectionable,  sioco  their  lateral  rocking  ik 
passing  upon  the  row-ridgea  or  other  irregularities  would  canse  tin 
long  arms  to  be  thrown  alternately  up  and  down  to  an  nndesirable  ei- 
tent.  This  can  be  soinewhat  obviated  by  directing  the  arms  somewlui 
upward,  but  where  greatest  expanse  is  sought  wheels  farther  apait  tt 
straddle  two  or  more  rows  will  remedy  the  fault  just  mentioned.  All 
rule,  smaller  machioes  will  probably  be  used  to  avoid  the  extra  expeaa 
of  special  wheels  and  legs.  And  whero  cotton  is  uniformly  plaatedjOi 
the  adjustability  is  not  aimed  at,  the  cross-bar  alone,  iu  its  simi^ 
form,  or  a  pair  of  the  long  arms  spliced  together  to  extend  strai^i 
across  and  tar  off  trom  the  vehicle,  will,  of  conrse,  be  safficient  vith 
any  forms  of  ordinary  jointed  tubes.  Yet  there  are  praclical  plain 
for  altering  the  pipes  on  the  straight  cross-bar  to  suit  row-qiaceeof 
dlverxe  widths.  Tiie  ^si  is,  to  have  uo  intermediate  segments  joiniug 
the  pipes  but  have  them  all  radiate  from  a  central  source  to  Ibe  bat,  on 
which  they  are  adjustably  fixed  by  serew-clamps,  hooks,  or  othenri^. 
and  from  which  they  continue  parallel  onward  to  their  juncture  wilb 
the  distal  arms.  This  makes  a  pijie-system  of  the  smallest  number  of 
pieces,  but  it  takes  more  of  the  tubing  than  does  the  segmental  cm- 
stmctiou.  Secondly,  the  methofl  of  employing  segments  which  are  ail- 
instable  iu  length  can  tie  resorted  to. 

The  patterns  I  have  made  for  this  arrangement  are  repmieDted  in 
Plate  XLIX,  Figs.  9  and  10.  We  may  first  consider  that  sbown  ii 
Fig.  9.  The  metal  part  with  its  side  branch  is  indicated  by  mb.  Th 
otluT  half  of  the  segment  is  a  piece  of  hose,  A,  clamped  to  the  metti 
parts  by  wire  wraps,  o,  at  its  ends.  It  will  be  seen  that  the  mcMl 
IKirt  telescopes  deejily  into  the  hose  and  the  two  tabes  thusoverlup 
concentric  ally  so  far  that  there  is  a  wide  r.inge  for  the  adjustraeut  M 
the  one  upon  the  other  in  a  back  and'forth  direction  to  set  the  sectiM 
thus  formed  wider  or  Khorter  as  maybe  required.  As  already  staled 
above,  the  hose  piece  may  have  inside  itselfasmall  rod  to  give  it  sip^ 
port.  The  same  effect  is  also  accomplished  by  the  design  in  PlaW 
XLIX,  Fig.  10,  whero  m  ii  is  a  smaller  half  of  the  segment  telescopei' 
into  m,  the  larger  half,  and  nt  h  is  a  sheath-coupling  wired  to  both  at 
00.  The  former  of  the  two  plans  gives  a  simpler  and  lighter  eel »! 
tubing.  The  lightest  set  of  tubes  and  simplest  to  make  is  wheri  aal<. 
hose  is  used  for  tlie  segments  and  all  parts  except  the  angle-coiipliii)^ 
and  nozzles,  while  the  fiexible  parts  are  sustained  by  tension  or  t>.< 
small  rods  inside.  The  cost  of  materials  for  sets  of  this  kind  is  d"' 
greater  than  for  brasa  tubing,  though  less  durable.  Also  the  cost  »f 
making  is  nut  so  great  with  the  rubber;   and  then  any  ptaiiter  chx 
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repair  the  macbine  or  pat  it  togetber  witboat  engaging  a  plnmber. 
And  tbis  is  a  weighty  reason  why  bose-coapliogs  only  sfaould  be  em- 
ployed in  all  tabiiig  that  mast  be  manipulated  by  those  who  ai«  not 
plnmbers.  The  principles  here  set  forth  will  also  find  application  in 
many  other  machines. 

Another  method  of  setting  tbe  system  of  nozzles  wider  apart  or 
neai-er  together  to  sait  fields  having  rows  of  different  widths  is  the 
simplest,  as  effected  by  the  A-frames.  In  these  it  ia  only  necessary  to 
shiitone  bolt  on  the  cross-bar  and  all  tiie  branches  at  once  are  thereby 
approximated  or.sepaiated  to  suit  narrower  or  wider  rows  wilboiit 
necessitating  tbe  alterations  of  any  pipe-joint.  The  dichotonious  sys- 
tem of  pipes  thus  adjusted  npOn  any  suitable  conveyance  gives  excel- 
lent satisfaotiou  and  is  employable  with  any  suitable  forcing  medium, 
fw  bellows,  gravitation,  pumps,  and  gas  generators  have  been  utilized 
by  me  in  testing  these  systems.  Tbe  engagement  of  gravitation  in  this 
connection  will  next  be  considered. 


-VI    OBAVHATIOHAL  DISTBIBVIOBa 

FOE  LIQUID  POISON. 

lu  these  only  the  weight  of  the  liquid  or  the  gravitational  force  is 
engaged  for  spraying  or  sprinkling.  The  devices  under  this  beading 
may  be  classed  as,  1,  Wheeled,  2,  ,Horee-back,  3,  Knapsack,  and,  4, 
Hand  automatic  sprinklers. 

Wheeled  Automatic  Speinkleks.— Closely  related  to  the  forego- 
ing apparatuses  is  another  appearing  in  Plate  L.  Tbis  I  have  calletl  The 
TrijHid  Automatic  Sprinkler.  The  frame  is  triangular  npou  legged-wheels 
at  its  corners,  its  two  lateral  corners  with  extension -arms  spliced  iijiou 
the  cross-piece  and  not  radially  placed,  while  its  front  is  provided  witli 
shafts,  and  on  top  is  mounted  a  tripod  with  a  windlass,  pulley,  and  rope 
for  lifting  and  holding  suspended  at  a  considerable  height  the  barrel  of 
poison  aa  shown.  The  whole  poisons  twelve  rows  at  one  time,  or  a  strip 
about  40  feet  wide.  It  is  drawn  easily  by  a  single  mule  and  requires  but 
one  man,  the  driver,  to  operate  it.  He  rides  upon  a  seat  near  the  front 
and  can  work  the  windlass  to  lift  the  poison  from  the  ground  to  such  a 
height  that  gravitation  gives  the  pressure  for  sqnirtiug.  The  legs  are 
arches  (of  iron  J  inch  by  3  inches  thick)  pivoted  to  the  frame  and  clamped 
to  it  by  nuts  upon  their  bolts  (1  inch  thick)  at  the  top.  Through  the  lower 
extremity  of  tbeforked  legs  is  theiron  bolt,  which  serves  as  the  axle  of  the 
wheel.  Common  wagon  or  cart  wheels,  having  the  hub  filled  with  a  tight 
plug  perforated  bj  an  axial  hole  suited  to  turn,  or  turn  upon,  the  iron  twit, 
answer  for  use  in  the  legs,  saving  the  expense  of  making  special  ones  at 
much  cost  for  the  macbine.  The  top  pivots  of  the  leg-arches  also  bolt  tbe 
rear  cross-bar,  and  tbe  two  diagonal  bars  and  these  parts  with  the  wheels 
also  may  l>e  set  wider  or  narrower  to  other  holes  in  the  cross-bar.    The 
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latter  also  bas  a  mediaD  eplice,  nbich  may  be  Beparated  to  alloTv  one  of 
its  halves  to  fold  against  the  side  of  ita  otber  when  tbe  machine  is  to  l>e 
made  very  narrow  for  hauling  tbroiigb  gutes,  &c.  For  tbia  purpose 
also  the  extension-arms  at  the  sides  and  spliced  to  either  of  the  ends  of 
the  diagonal  bare,  or  the  cross-bar  may  be  turned  forward  to  lie  paral- 
lel to  the  diagonal  pieces,  and  the  barrel  should  be  lowered.  The  rear 
tripod -legs  close  also,  for  they  are  joined  to  the  frame  by  hinges.  The 
wheels  should  not  beset  too  close  together,  else  the  high  tripod  may  tip 
over  in  driving  upon  the  row  ridges  or  other  obstacles.  The  shafts  are 
hinged  to  arms  upon  the  front  leg,  nnd  this  with  tbe  ^beel  can  tnrn 
easily  at  the  top  upon  the  pivot  which  is  loose  in  the  arch,  bat  has  a 
collar  clamped  tight  to  the  fi-ame.  The  front  leg  of  the  tripod  bas  foot- 
pins  by  which  to  ascend  to  tbe  pulley  at  the  top.  The  windlass  is  of 
iron  with  a  cylinder  about  1^  inches  in  diameter  and  a  crank  )8  inches 
long.  This  has  a  stop-button  on  tbe  front  tripod-leg,  which  also  sup- 
ports the  windlass.  Two  small  two-wheeled  pulleys  are  used  with  a 
rope  three-fourths  of  an  inch  thick.  Its  end  is  provided  with  a  pair  of 
barrel-hooks,  which  clutch  the  chimbs.  A  full-sized  barrel  of  poisoned 
water  is  raised  by  one  hand,  but  it  is  rather  hard  straining  unless  gears 
be  added  to  give  better  leverage.  A  small  half-barrel,  wine  or  beer  keg 
that  will  hold  from  10  to  20  gallons  is  much  preferable.  With  the  bar- 
rel 10  to  12  feet  high  pressure  enough  to  sprinkle  ordinary  cottou  IVoni 
beneath  is  secured,  and  with  my  cyclone  nozzles  it  applies  10  to  15  gal- 
.  Ions  to  the  acre.  The  machine  does  not  thus  give  as  much  pressnio  its 
would  a  force-pump,  and  hence  tbe  spray  is  much  coarser.  When  de- 
sired, n  small  force-pump  is  secured  to  the  frame  and  may  be  worked 
with  one  hand  or  a  treadle,  or  a  rachet  lever  playing  npoii  the  spokes  or 
upon  lygs  attached  to  the  fellies  or  rim  of  the  wheel.  If  the  barrel  isuot 
carried  low  upon  thefVame,tbe  pump  should  be  attached  upside  down. 
Tbe  arrangement  of  the  pipes  is  on  essentially  the  same  plau  as  has 
already  been  described.  The  wheels  being  far  apart  and  at  the  three 
angles  of  a  triiingular  frame  it  eoufornis  excellently  to  all  undulatious  of 
the  ground  and  has  a  broad  base  to  support  the  barrel,  which  is  situ- 
ated as  within  the  apex  of  a  pyramid.  The  frame  can  be  made  and 
pnt  together  easily.  This  machine,  whether  operated  automatically  or 
by  a  pnmp,i8  a  practical  device,  and  where  wagon  wheels  are  used  it 
will  not  prove  high  priced. 

*.'  The  Sckanck  Sprinkler. — This  sprinkler,  invented  by  Mr.  Lafayette 
S.  Schanck.  of  Marlborough,  N.  J.  (patent  No.  215683,  May  20, 1860), 
consists  of  the  barrel  with  a-  stirring  apparatus  and  with  two  or  mnro 
pipes  conncctetl  with  the  bottom  of  the  barrel,  each  having  a  finely- 
perforated  nozzle.     The  whole  apparatus  is  placed  on  a  cart. 

"  The  Taylor  Sprinkler. — The  spriuhling  apparatus  of  the  Taylor 
dusting  and  sprinkling  machine  should  be  mentioned  in  this  connec- 
tion. Plate  LVI,  Fig.  4,  gives  a  representation  of  this  machine,  hot 
with  tbe  dusting  arraDgement  detAdied.    Leaving  out  those  parts  thnt 
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have  been  already  described,  tliis  aprinkliiig  apparatus  may  be  explained 
as  follows : 

"The  letter  I  ropieBentBametulHtiap,  ottiioLiid  to  tberear  bar  uf  tbe  frame,  G,  willi 
tile  eod  pnrls  boot  forirard  at  right  ftngles  and  witb  holes  to  receive  the  jonnials  of 
tUe  c;Iiniler,  H,  tlie  armsof  tlie  atraii  thus  serviug  osaprlogt  tolieop  the  cylinder  <d 
place.  By  a  siiuplo  arrangement,  iodicated  in  the  figoTB,  the  frame,  G,  ni»y  bo  ad- 
jaated  higher  01  lower  to  the  standard B,  D,  accord iiig  to  the  height  of  theplaDts.  In 
the  upper  aide  of  the  cylinder,  H,  ore  formed  a  number  of  Bmall  holes,  through  which 
tbe  liquid  poisoD  escapes  totheplaoiH.  Id  the  center  of  the  perforated  side  of  the 
cylinder,  H,  is  fonoeda  hole  in  which  is  secured  tho  tube,  J,  through  which  the  poison 
te  poured  into  the  aaid  cylinder.  The  inner  end  of  tube,  J,  is  soldered  io  part  to 
tbe  iouer  surface  of  tha  opposite  side  of  tho  cylinder,  H,  to  prevent  it  from  being 
loosened  by  tho  pressure  of  the  liquid.  lo  the  sides  of  the  inner  end  of  the  tiilie,  J, 
are  formed  holes  of  such  a  size  that  tbe  liquid  will  leailily  paKs  out  of  tho  said  tube 
into  tbe  cylinder,  H.  To  the  rear  side  of  cylinder,  H,  are  attscheil  loops,  K,  to  which 
are  attached  cords,  L,  which  pass  through  eyes,  M,  or  around  pulleys  attached  to  the 
rear  bar  of  the  frame,  G,  From  tho  cjea  or  pullejs,  M,  the  cords,  L,  pass  over  the  cyl- 
inder, H,  and  are  attached  to  tbe  projecting  end  of  the  tube,  J,  The  conis,  L,  serve 
tOBecnrelbec;tiuder,H,  in  place  and  limit  its  movement  when  turned  upon  its  jnnrtials. 
One  or  more  balls,  N,  may  bo  placed  in  tbe  cylinder,  H,  which,  wheu  the  cylinder 
becomes  empty,  mako  a  noise,  and  thus  notify  the  operator. 

"If  desired,  the  cylinder,  H,  may  be  rigidly  secured  toa  single  bar,  G,  attached  to  a 
aiuglo  standard, D.  In  this  case  holes  must  be  formed  also  in  the  upper  sido  of  tbe 
cylinder,  li.  The  boles  in  tbe  up  er  side  let  1  be  air  escape  in  lilting,  and  admit  uir  to 
cause  the  liquid  poison  to  flow  ont  through  the  lower  holes.  This  construetinn  is  a 
little  simpler  and  cheaper  than  the  Other,  but  causes  a  slight  wast-e  of  tbe  poixon,  as 
•ome  of  tbe  poison  will  flow  out  through  tho  loner  holes  while  tho  cyliuder  is  being 
filled. 

"The  Operator  may  be  protected  from  tbe  poisonons  liquid  by  clotb 
screeos  placed  ujion  tbe  opposite  sides  of  tbe  bandies,  B,  and  allacbed 
at  tlieir  upi>er  and  lower  edges  to  two  pairs  of  reanviirdly  projecting 
bars  attaclied  to  the  frame-work  of  the  uiacbine. 

"The  apriiikling  apparatus  mentioned  iu  connection  witb  tlie  Gobin- 
son  Dusting  and  Sprinkling  machine,  described  on  page  — ,  consists  of 
ft  tank,  B,  for  holding  tbe  liquid,  and  of  a  sprinkling  ttibc,  0,  connected 
witb  the  tauk  and  extending  across  tlie  frame  and  beyond  far  enough 
to  reacb  the  two  outside  rows.  This  tube  has  small  [lerforations,  D,  at 
tho  ends,  and  alsoat  the  middle,  E,  for  sprinkling  the  liquid  upon  three 
rows  of  cotton.  A  gat©  or  valve,  F,  is  arranged  in  the  tank  to  shut  off 
the  liqaid  from  the  tube  or  to  regulate  tije  discharge.  The  end  of  the 
tube  is  to  be  closed  witb  a  cap  or  plug,  so  that  it  can  he  opened  and 
tbe  perforations  be  cleaned  ont." 

Suetiim  Force-pumps  arid  WitidUits  Elevators,  for  filling  large  elevatetl 
tanks  or  raisiag  them,  belong  very  properly  to  the  sulijetit  of  wheeled- 
sprinklers,  but  cannot  be  entered  aiioa  in  detail  at  present.  Barrels  of 
liquid  can  be  loaded  onto  vehicles  by  tbe  usual  methods  of  rolling  tbem 
up'  an  inclined  enpports,  &c.,  also  tbey  may  be  elevated  by  pulley,  wiud- 
lasa,  or  derrick  arrangements ;  but  in  many  instances,  especially  where 
the  water  is  to  be  taken  ftt>m  a  creek  or  other  body  of  water  to  tbe  brink 
of  which  the  conveyance  may  be  brought,  it  is  most  convenient  to  pump 
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the  water  directly  up  into  tlie  I'sservoir,  which  is  already  moauted,  and 
for  this  purpose  the  commou  sheet-metal  "Bilge  Fumpa,"  used  for  pump- 
ing out  ships  and  cellara,  are  cheapest  aud  efrectual. 

CoQcerDiiig  the  small  faaud-miicbiues,  knapsack  aud  horseback  appa- 
ratuses for  sprinkltQg  liquid  by  gravitational  pressure  very  little  neeil 
be  added  above  what  has  already  appeared  in  the  earlier  reports. 

HuRBEBACK  Automatic  Spbinklbbs. — To  lessen  the  limb-labor 
in  carrying  handspriuklcrs  or  knapsack  reservoirs  it  is  preferable  to 
mouut  on  hoi'seba«k  with  such  vessels.  This  may  be  done  with  all 
kinds,  even  with  common  watering-pots.  The  watering  pots  and  cans 
are  carried  thus  most  commonly  where  they  are  exteusively  used  for 
poisouiug  Oottou  Worms  as  obtains  especially  on  the  Mississippi  of 
Louisuna,  Yazoo,  and  southeru  Arkansas.  The  cotton  grows  so  high 
that  the  hand  pots  could  uot  well  be  carried  high  enough  except  by 
beiug  Diounted.  The  mnles  accustomed  to  tilUng  the  crops  will  walk 
between  a  pair  of  rows  without  being  guided,  hence  the  rider  takes  one 
pot  in  each  hand,  poisoning  two  rows  at  once.  At  short  intervals  he 
shakes  the  pot  to  prevent  the  poison  from  separating  entirely  from  the 
water.  This  is  commonly  neglected,  and  usually  the  "darkle"  who  ia 
intmsted  with  this  work  does  not  know  or  care  whether  it  is  mixed 
or  not,  whether  the  nozzle  is  mostly  clogged,  or  if  the  spray  is  directed 
accurately  npon  the  plants  or  largely  between  the  rows.  The  cotton 
I  have  seen  beiug  poisoned  throughout  those  regions  was  almost  inva- 
riably treated  very  imperfectly,  often  in  such  a  careless  way  us  not  to 
protect  the  plants  from  beiug  stripped.  When  the  pots  are  empty  the 
rider  cxcliauges  them  for  others  which  are  kept  filled  by  mcu  stationed 
at  mixing- barrels  which  are  commonly  at  both  ends  of  the  rows,  or  at 
long  interviils  in  the  rows.  Sometimes  the  buckets  are  carried  on  a 
yoke- bar  acmss  the  shoulders,  aod  something  of  the  kind  is  a  necessity 
where  the  rows  are  wide  apart.  The  bar  is  commonly  carried  across 
the  shoulders,  but  may  be  supported  upon  the  horn  of  the  saddle,  or 
otherwise  upon  tlio  horse  alone.  A  method  rarely  employed  is  the  fol- 
lowing: Oh  eitiier  side  of  the  horse  is  a  pole  having  its  lower  cud  at- 
tached to  the  lower  part  of  a  girth  around  the  horse.  The  upper  end 
of  the  pole  or  bar  has  a  fork  supporting  the  weight  of  a  waterlug  pot, 
while  the  whole  is  sustained  from  falling  by  the  hand  of  the  same  3id« 
graspiug  the  haudle  of  the  i>ot,  which  can  so  be  tilted  at  will.  Almost 
all  the  siugle  knapsack  cans  and  band  sprinklers  are  susceptible  of 
being  joined  iu  pairs  to  hang  one  on  each  side  of  a  horse. 

The  following  description  of  the  Willie  Horaeback  Sprinkler,  from 
the  Department  Report  on  Cotton  Insects  (p.  24$),  will  illustrate  this 
subject  more  fully. 

"  Tli«  Willie  Borstback  SpriHlcler. — Another  machine  has  been  in- 
vented for  distributing  liquid  poisons  upou  cotton,  by  Mr.  William  T. 
Willie,  of  Breiiham,  Tex.;  patent  No.  158345,  dated  December  21),  1874. 
It  consists  of  a  £rame  which  may  be  rigidly  secured  to  a  saddle,  iu  a 
-transverse  position,  there  being  cans  for  holdiog  the  liquid  and  pro- 
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Tided  witli  OistribntJDg  faucets  arrauged  upon  botU  euds  of  the  ft^me, 
the  one  balauciog  the  other,  and  one  or  both  at  the  same  time  may  be 
operated  by  the  rider. 

"In  Pl&te  LVl,Fig.  1,  in  tbe  cat  is  an  end  vievof  tlie  machine;  Fig.  3  ]b  ft  plftii« 
Tiew,  and  Fig,  3  ia  a  side  view  of  tlio  same. 

"A.  A'  designate,  respectiTsly,  tho  front  and  tear  bars  of  tbe  frame,  connectoil  to- 
gotber  on  each  aide  by  meaos  of  a  platform,  C,  npon  which  are  to  b«  placed  oil^cana,  B, 
or  other  convenient  ve^selB  for  llio  reception  of  IbedeatroyiDg  cotnpouude.  Tliciu  ves- 
sels arorcmuvabiy  eecured  tbercto  in  any  suitable  manner,  and  tlioir  ontcr  lateral 
edges  are  ooch  provided  wit  lia  ilUtributing  stop-cock,  D,  having  n  croRcont-ahapeil  i)er- 
furatcd  nozzle-piece,  rf,  b,v  means  of  wbich  tbe  liqnid  poison  will  be  abed  titer  n  ivide 
•pace.  The  front  bar.  A,  baa  an  nngnlar  notch,  E,  cut  into  ita  lower  odge,  near  the  apex 
of  which,  and  one  each  side  thereof,  perforalione,  r,  are  made  by  means  of  w:  ich  it  ie 
»eonT«il  to  tbe  pommel  of  the  saddle.  It  rs  ajao  provided  with  perforations,  t',  upon 
its  lower  edge,  hy  means  of  wbich  it  is  laterally  stayed  by  a  rope  passing  thencu  to 
the  ftirth-rings  on  each  Bi<le  of  the  saddle.  Tbe  rear  liar,  A',  is  in  like  manner  notchetl 
as  shown  in  Fig.  S,  and  is  provided  nilh  a  slot,  /,  at  the  apex  of  its  notch,  by  means 
of  which  it  is  strapped  to  tho  can  tie  of  a  sadolo,  and  with  perforntiona,  /*,  alon^  ita 
tuwer  edge,  serving  ns  a  meanti  of  attachment  for  a  rope,  passing  thence  to  the  girth- 
rings  on  each  side. 

"It  will  ho  seen  from  the  above  description  that  the  frame  is£rm1y  attoclicdlioth  to 
tbe  pommel  and  cantle  of  tbe  saddle,  and  that  it  is  braced  and  st-eadiei!  to  resist  dis- 
piucement  by  ropes  or  straps  leading  from  the  perforation  a,  a'  and  /',  npou  the  front 
and  rear  hafS  of  tbe  frame,  respectively,  to  the  girlh-rioge  on  each  sidoof  the  sodtllo, 
constitating  a  simple,  convenient,  and  effectoal  attachment  for  tlie  piir^ioee  of  pre- 
venting any  displacement,  Tbe  notches  of  the  front  and  rear  bars,  A  A',  are  intended 
1o  be  straddled  over  that  portion  of  the  pad-frame  of  a  saddle  which  projoctHin  front 
of  the  pommel  Ihcieof,  and  extends  in  rear  of  tbe  canlle,  the  rider  being  seato<l  be- 
tween tbe  two,  nith  a  poison-receptacle  on  each  side,  with  tbeir  stop-cocks  within 
easy  reach  of  bis  hand.  He  can  thns  nccnrately  regnlate  tbe  flow  of  poison  aeeord- 
ing  to  tbe  amonnt  required  to  effect  tbe  puqiose,  the  movementof  tbe  horse  serving 
materially  to  assist  the  distribotion. 

"  The  Ramgey  SprinJiler. — Mr.  Grbghao  A.  BainBey,  of  Schaleuburg, 
Tex,,  has  obtained  a  patent  (No.  163526,  May  18,  1875)  for  tbo  very 
Himpio  contrivance  whieh  ia  iilustratetl  ii)  Plate  LVI,  Fig.  6.  It  con- 
sists of  a  T)ox  or  veaoel,  A,  large  cnongli  to  hold  about  five  gallons.  It 
is  provided  at  its  top  with  a  receiving  fnnnel,  a,  for  tbe  liquid.  At  the 
bottom  or  on  the  ftvnt  side  near  tbe  bottom,  and  near  each  end,  are  two 
flexible  tnbes  or  robber  hose,  B,  provided  with  nozzles,  b.  This  device 
is  intended  to  be  strapped  upon  a  horse's  back,  to  the  cantle  of  a  saddle, 
with  the  tabes  in  front.  The  front  of  the  vessel,  A,  is  iucliaed  liachward, 
80  as  not  to  interfere  with  the  movements  of  the  rider ;  and  a  pad,  C,  may 
be  placed  under  it,  so  as  to  cause  it  to  rest  easy  upon  the  horse.  The 
nozzles,  when  not  iu  use,  are  held  above  tbe  top  of  the  box  by  means  of 
hooka,  c,  which  seize  over  rings,  d,  upon  tbe  top  corners  of  the  box,  so 
aa  to  prevent  the  liquid  from  flowing  out.  When  in  use  the  rider  takes 
a  tnbe  iu  each  band  and  proceeds  to  sprinkle  the  rows  ou  each  side. 

Knapsack  Automatic  Speimklbbs.— A  number  of  these  have 
been  in  use,  and  the  following  examples  from  the  first  edition  of  this 
work  tllnstrates  these  devices  snfBciently : 

*^Tke  Qray  tiprinkler. — GonetrDcted  by  Mr,  Frank  M.  Gray  of  Jeffer- 


.gle 


302      BEPOBT  4,  mUTBD   STATES  ENTOUOLOOICAL  COMMISSION. 

son,  111.  (Plate  LYI,  Fig.  6),  consiatfl  of  a  can,  capable  of  holding  abou 
eiglit  gallons  of  liquid,  and  so  formed  as  to  rest  easy  on  the  back,  :i 
wliich  it  is  fastened,  knapuack-fiisbioD,  hy  a^astable  straps,  vliicb  read 
over  the  shoulders  and  fasten  across  the  breast.  To  the  lover  pan  li 
the  can  are  attached  two  rubber  tubes,  which  are  connected  with  tvi> 
nozzles  or  sprinklers.  The  inside  of  the  can  has  three  shelves,  whid 
help  to  keep  the  mixture  stirred.  There  is  a  convenieut  lever  ai  ilr 
bottom  wLicIi  presses  tho  tubes  uud  sbnts  off  the  outflou-  at  irill.  aEii 
two  hooks  on  Iho  sides  nciir  the  top,  on  which  to  hang  ttio  tubes  itIhi 
not  iu  nso.    Oa  the  top  is  a  small  air  tube  aud  a  capped  orifice. 

"TAe  Buggies  SptinJcJer. — Invented  by  Mr.  Silas  Buggies,  of  Tlin: 
Rivers,  Mass.  (patent  Ko.  20SUT2,  April  30,  1878),  is  an  exact  countrr 
part  of  Gr.ij's  Sprinkler,  with  the  additioii  of  a  stirrer,  agitnlfd  lir  I'w 
movemeut  of  the  arm  of  the  bearer. 

"The  Townnend  Sprinkler. — This  was  invented  by  Mr.'George Tobu 
send,  of  Greenville  Centre,  N.  T.  (patent  No.  212412,  Februar.vI3,lNS 
aud  is  intended,  like  Gray's  Sprinkler,  to  be  carried  on  the  baikufi 
person.  It  consists  of  a  tank  with  a  stirring  arrangement,  bntlia^uul- 
one  sprinkling  tube,  and  spriukles,  therefore,  only  one  row  of  piaols.' 

It  is  illustrated  iu  Plate  LT,  Figs.  3  and  4.  L  is  one  of  the  sLoaldc 
loops  for  suspending  it.  The  can  is  shown  in  mesial  sectiouMn  Fig.  I 
while  all  of  its  interior  appears  in  Fig.  3.  D  is  the  lid.  The  dasbi* 
E  E,  are  moved  up  and  down  with  the  rod,  D  F,  by  the  handle,  F.  Tbf 
lever,  T,  is  worked  by  a  string  to  the  baud  and  opens  the  vake,  >'■ 
against  the  spring,  P,  to  free  the  liquid  through  a  pipe,  G  n  I, termt 
natiug  in  I  he  nozzle,  K,  by  which  the  spray  is  directed. 

Automatic  hand  bprinklebs. — Under  this  section  come  nattiralli 
the  ordinary  watering-pots  or  garden -sprinklers  with  which  allarew 
familiar  that  descriptions  seem  unnecessary.  Many  variationB  on  tic 
staudard  wateriug-pot  have  been  patented,  but  they  seldooi  if  e^tt 
appear  iu  the  trade.  The  use  of  automatic  hand  sprinklers  ni>oD  hon-.-- 
back  has  been  described  on  page  .'SOO,  and  the  kinds  of  mauv  pnnctnwi 
nozzles  preferable  for  employment  ou  tbem  are  discussed  in  tbechi]^ 
ter  on  nozzles.  Here  it  should  be  added  that  the  sprinkler  illDS 
trated  in  Plate  LV,  Figs.  1  and  2,  and  described  ou  page  273,  anstfP 
well  as  au  automatic  band-sprinkler,  usable  instead  of  tlie  watcriu; 
pots,  and  generally  preferable.  When  the  basal  valve  is  held  oin;nll»' 
spray  descends  direct  from  the  base.  The  valve  may  be  held  npi"f 
ohauically  by  adding  a  hook  or  loop  from  the  bail  to  the  valv&stdii. 
and  this  is  more  couvenieot  than  to  bo  constantly  tipping  the  coannon 
sprinkler. 

FOB  DRY  POISON;   SIFTSBS. 

Here  will  be  included  the  ATtriouB  sieve-machines  or  sillers,  wi  tbf.' 
may  be  groui>ed  as  (1)  Eeciproeating-sieve  Machines ;  (2)  Botary-'*" 
Machines;  (3)  Beciprocating-stirrer  sifters,  and  (3)  Kotary-stirrer  Sifter 

Ihe  sifters  are  probably  the  worst  machines  for  distribotin?  ^ 
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poisou.  With  most  of  tbem  tliere  is  tbe  difficulty  tbat  tlioy  clog  or  do 
not  eift  regalariy,  especially  when  tliey  are  afFoeted  with  wetness,  which 
will  generally  occur,  lor  the  best  time  to  apply  the  dry  poison  is 
when  the  foliage  is  damp  enough  to  make  itadherc.  Also  the  adhesive 
diluents,  as  flour,  &c.,  which  it  is  advisable  to  add  to  the  poison  increase 
the  clogging  much  under  the  inflnenco  of  moisture.  On  the  other  h;ind, 
when  there  is  dryness  tbi^ro  generally  exials  u  little  wind  which  prevents 
tbo  fine  powder  from  gravitating  regnlarly  from  the  sieve  to  the  plants. 
Tbe  powder  is  better  thrown  by  some  device  that  will  give  it  consider- 
able imjictns,  and  on  this  account  the  centrifugal  force  from  whirling- 
brushes  or  tbe  blast  from  a  bellows  or  pump  or  rotary  fan-blower  is 
preferable.  Such  impetus  will  make  it  penetrate  more  firmly  iuto  the 
rough  surfaces  of  the  foliage  or  into  the  moisture  upon  the  plants,  and, 
to  some  extent,  resist  moderate  breezes.  The  operation  ol  the  latter 
machines  is  also  less  afiected  by  moisture.  Altliough  sifters  may.not 
be  recommended  generally,  it  is  necessary  to  notice  briefly  what  has 
been  done  toward  tbe  application  of  sieves  to  the  jiurposes  of  poisoning. 

With  sifters  there  is  also  probably  more  danger  of  tbe  laborer  getting 
poisoned  than  with  machines  of  any  other  class.  Where  a  blast  or  squirt- 
ing power  is  need  tbe  poison  can  be  directed  away  from  tbe  operator 
with  some  force,  or  be  discharged  from  a  pipe  extending  to  a  safe  dis- 
tance from  bim,  bnt  with  sifters  the  fine  powder  follows  the  caprices  of 
the  wind,  and  even  with  a  gentle  breeze  there  constantly  exists  ou  the 
leeward  side  of  a  person  a  varying  weak  whirlwind,  but  one  which 
is  strong  enough  (o  lift  some  of  the  i>oison  to  his  lace  and  cause  it  to  be 
inhaled.  It  was  probably  ou  account  of  this  difficulty  tbat  51r.  J.  W. 
Young  patented,  ni  combination  with  bis  machine  described  below,  a 
screen  loconie  between  the  sifter  and  the  person  using  it. 

RECiPBonATiNGSiEVU  MACHINES. — With  these  the  sieve  itself  is 
operated  by  a  bact-and  forth  movement. 

Concerniug  the  metliod  of  poisoning  with  the  simplest  hand-stfters, 
Mr.  William  Trelease  has  reported  as  follows  in  the  Department  Report 
on  Cotton  Insects  {p.  221) : 

>'  My  dry  poisons  were  applied  by  a  sieve  made  of  a  2-quart  tin  bncket, 
tbe  bottom  of  which  was  replaced  by  perforated  tiu,  and  which  was  pro- 
vided with  a  socket  at  tbo  side  for  tbe  insertion  of  a  wooden  handle 
about  3  feet  long. 

"  My  experiments  with  dry  jioisons  were  not  extensive  enough  for  me 
to  determine  accnrately  the  amount  of  labor  required  to  poison  an  acre; 
but  Mr.  Lide,  the  manager  of  George  O.  Baker's  plantation  at  Selma, 
Ala.,  tells  me  that  a  hand  can  poison  from  1  to  2  acres  of  cotton  per 
day.  He  tells  me,  further,  tbat  one  barrel  of  Eoyall's  mixture  goes  over 
about  3  acres." 

Thus  it  ia  seen  that  tbe  work  with  such  a  tool  is  very  slow,  and  can 
only  be  admissible  for  very  small  patches  or  iu  an  emergency  where  bet- 
ter means  are  not  obtainable. 
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"  The  asaal  way  of  appljiug  dry  poisoa  is  to  sift  it  over  tlie  leaves 
liy  ineaus  of  an  onlinary  bread-sieve  finuly  attached  to  a  Iiaiidle  3  or 
4  fuct  long.  One  or  two  layers  of  innslin  slionid  be  placed  in  the 
bottom  of  the  sieve  to  prevent  a  too  rapid  escape  of  the  powder,  With 
some  practice  in  hnndling  these  sieves  the  foliage  of  the  plants  can  be 
pretty  evenly  dusted,  but  in  general  there  in  considerable  waste  of  the 
poison  by  this  method.  Ouo  man  can  go  over  1  acre  perday,  bntif 
tbe  plants  are  high  enough,  and  tbe  soil  not  too  much  softened  by  rains, 
the  poison  can  be  sifted  by  men  on  horseback.  This  secures  a  more 
even  movement',  dad  consequently  less  waste  of  material.  Some  have 
tried,  with  advantage,  to  dust  two  adjacent  rows  at  oueo  by  means  of 
a  stick  of  suitable  length  with  a  sieve  fastened  to  each  end,  the  oper- 
ator riding  between  the  rows  and  tapping  tbe  stick  gently,  either  with 
his  hand  or  another  stiek.  • 

"  Ad  old  sack,  such  as  those  used  for  table  salt,  will  do  good  service 
attached  to  the  end  of  a  stick,  but  the  safest  tbiug  for  use  on  a  small 
scale  is  a  perforated  tin  box  (Plate  LVII,  Fig.  7),  with  a  double  lid 
(for  security  when  not  in  use),  and  having  a  handle  3  or  4  feet  long. 
By  taking  the  handle  of  the  dust-box  in  the  left  hand,  and  tapping  the 
box  with  a  stick  held  in  tb^  right,  the  poison  may  be  rapidly  and  eveidy 
distributed,  not  only  on  the  npper  surfaces  of  the  leaves,  but  on  the 
nnder  sides  as  well,  if  the  box  is  held  within  and  among  the  plaiits. 

"  A  number  of  patents  have  been  taken  out  for  machines  for  dusting 
the  plants  with  iwison,  butfor some  reason  orotber  u'onobave  become 
popular,  and  I  have  not  been  able  to  learn  that  any  of  them  arc  in  use 
at  the  present  time.  The  object  of  tbeso  machines  is  to  distribute  the 
I>oisou  more  economically  and  rapidly  than  it  is  done  by  the  simple 
sifting  method  here  mentioned.  The  reason  of  their  not  becoming 
iwpniar  is,  perhaps,  that  they  do  not  accomplish  their  object.  The  gain 
in  tbe  more  economic  use  of  tbe  powder  is  not  large  enough  to  induce 
the  planters  to  invest  in  them,  especially  wher«  labor  ia  cheap,  as  the 
employment  of  an  additional  hand  is  rnqre  satisfactory." 

The  Hurd  Sifter  and  Bloirer. — Tbis  is  really  a  sifting  machine  with  an 
oscillating  sieve  for^  feeding  the  blast  of  a  rotary  blower,  and  is  fully  • 
described  as  The  Hurd  Blower  above. 

"  The  Qoodhearl  Duster  and  Sprinkler. — Tbis  machine,  invented  by  Mr. 
James  Goodbeart,  of  Matawan,  N.  J.  (patent No.  204720,  Jane  11, 1878'*), 
applies  both  powder  and  a  liquid  spray.  "The  dusting  apparatus  oon> 
sists  of  a  box  with  a  screen  bottom,  tbe  whole  being  agitated  by  means 
of  a  lever  connected  with  one  of  tbe  wheels.  The  sprinkler  eonsiata  of 
a  transverse  pipe  with  a  number  of  holes  at  its  lower  forward  side.  The 
machine  is  drawn  over  but  one  row  of  plants." — Bulletin  No.  3. 

BoTABT'giEVE  MACHINES. — In  these  the  sieve  containing  the  poison 
is  round,  generally  cylindrical,  and  receives  arotary  motion  to  assist  tbe 
poison  in  gravitating  through  the  snmll  perforations. 

"The  Bobinson  Dinting  and  SpriniHag  Machine. — Several  macbioes 
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have  been  patented  that  Hpply  the  powder  liy  meauB  of  revolving  per- 
forated cylinders,  Tlie  oldeet  of  these  seems  to  be  one  invented  by  Mr. 
Wiltiam  T,  Boliiusou,  of  Huutsville,  Tex.  {patent  No.  14C205,  Jauu^iry 
a,  1874).  It  eonibiues  both  sprinkling  and  dusting,  in  that  pure  water 
is  sprinkled  over  the  plants  by  an  arrangement  in  front  of  a  two-wlieeled 
truck,  while  at  the  same  time  the  [Kiwdcnd  poison  is  dunted  from  re- 
volving cylinders  attached  to  the  rear  i>art  of  the  truck.  The  powder 
ttias  sticks  to  the  leaves  and  may  be  applied  at  all  bonrs  of  the  day. 
Both  the  duster  and  the  sprinkler  can  be  detached  at  will  and  used  sep- 
arately if  necessary. 

"From  Plate  LVII,  Fig«.  I  and '2.  the  former  of  wbkb  is  a  plan  view,  the  latter  a 
Inn  git  ml  in  ai  eectiooat  viuw  of  thsniacbine,  it  will  be  aeenthattbe  dusting  apparatna 
coneistH  of  an  bariznntal  sbaft,  G,  citeudiug  cacli  tray  beyond  tlie  wbeela,  for  reaching 
over  the  outaide  rowg,  and  carrying  tiirca  or  more  revolving  screens  or  sieves,  H,  for 
HprinkliDg  on  powdered  aubstancea.  Said  shaft  is  monoted  on  the  rear  end  of  the 
frame,  I,  vtbicli  is  joined  to  the  track  at,  J,  and  saspendod  from  the  frame,  M,  liy  ropoe, 
L,  which  ate  wound  npon  the  shaft,  N,  or  let  out  from  it  to  shift  the  screeuB  accord- 
ing to  the  height  of  tbe  plants.  The  shaft  ia  revolved  by  a  belt,  0,  from  one  of  the 
wheelflof  the  truck  working  on  cone  pulleys,  P  O,  for  varjing  thoapeed  of  the  screens 
or  sieves,  as  may  bo  required.  The  pulley,  O,  on  the  shaft,  G.  cOTinccts  with  it  by  a 
clatvb,  R,  which  is  cnnueoted  with  a  shiftlDji;- lever,  S,  for  throwing;  the  shaft  ont  Of 
ge.'W  when  taming  aronnd  at  the  end  of  tbe  rows  to  save  waste  of  material.  T  is  a 
lio:C  for  carrying  the  stock  of  powdor  from  which  to  replenish  the  scraens  or  sieves 
:ia  they  become  exhaustfd  from  time  to  time.  This  box  may  be  ntao  used  for  a  seat 
for  the  driver.  Tbe  sieves  are  supplied  through  an  opening  in  the  ends,  which  may 
l>e  otoned  by  a  gat«  or  door  of  any  kind,  or  by  ah  opening  in  thesidu  similarly  closed. 
*'  The  Davis  Dtister,  invented  by  Mr.  Nicholas  A.  Davis,  of  Rast,  Tex. 
(patent  No.  154G5I,  September  1, 1874).  This  ia  almost  an  exact  coun- 
terpart of  the  foregoing  machine,  hut  without  the  sprinkling  attach- 
ment. .  The  only  peculiarity  is  the  addition  of  springs  to  the  revolving 
cylinders  to  prevent  too  great  a  discharge  of  the  poison  in  case  of  a 
suddcu  jar. 

"  Plato  LVII,  Pigs.  ^  and  4,  represents  the  invention  attached  to  a  cart.  Fig.  4  is  fT 
croM-iKiction  through  the  tine  y  jr. 

■'Areprosentsnn  ordinary  fann-cart,  across  the  rearend  of  which  ia  secured  the  hori- 
zout.il  shaft,  B,  having  its  bearings  in  tbe  arms,  o  o,  projecting  behind  the  oart.  On 
the  abaft,  B,  are  placed  two  or  more  loosely-reTolving  perforated  cylinders,  E,  being 
revolved  upon  the  ahufr,  which  carriee  a  pulley,  a.  over  which  a  band  or  cord  works, 
passing  to  the  bull  of  fho  cart-wheel,  from  which  it  receivea  motion,  andthns  causes 
(be  shaft,  B,  to  revolve  when  the  cart  is  in  motion.  Attached  to  the  inner  end  of  each 
of  theoiitside  cylinders  is  aspiral  spring,  &,coi1edaroandtbesbaft.  A,  and  so  arranged 
as  to  secure  an  easy,  gentle,  lateral  motion  to  the  oylinders  in  case  of  a  sudden  jar 
given  the  machine.  A  simitar  spring  may  be  usedat  the  opposite  end  of  tbe  cylinders, 
so  as  to  check  the  Jar  in  both  directions.  This  invention  can  he  fixed  to  uny  k;ud 
of  frame  uovinc  on  wheels,  nitd  by  a  band-crank  and  ordinary  cog-gearing  be  snr' 
cessfnlly  worked. 

"  The  Levy  Duster. — This  duster,  patented  by  Mr.  Charles  II,  Levy,  of 

Natchitoches,  La.  (No.  154G90,  September  1, 1874),  also  distributes  the 

poison  by  means  of  revolving  cylinders  which  can  be  adjusted  to  the 

height  of  the  plant.    The  whole  apparatus  can  be  secured  to  the  forward 
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part  of  a  saddle  as  well  as  to  aoy  cart.  Plate  LVII,  Fig.  5,  is  a  froiit 
view  of  tliis  contrivance,  and  Fig.  6,  a  side  view  of  tlie  same,  partly  in 
section  through  one  of  the  cylinders. 

'  'AA  are  two  cyliucters,  formed  by  attaching  fiue  wire-KaaEe  or  finely-perfotated  eheoi. 
metal  to  oirctiiar  nnda  or  disks.  To  tho  inner Barfaces  of  tlie  cyliadera  A  are  attached 
longitndlnal  atripn,  B,  to  one  eido  of  each  of  irhich  ii  attached  a  strip,  C,  of  tin  or 
Other  snitable  sheet  metal,  which  strips  thng  form  flangea,  which,  m  the  cylinden  re- 
Tolvo,  raiaelhe  compoand  and  allow  it  to  fallback  to  aa  to  keep  it  stirred  np  and 
prevent  the  heavier  ingredients  from  settling  and  thas  encaplog  in  too  large  a  propor- 
tion and  noerenly.  The  cylinders,  A,  are  placed  npon  t^e  euil  parts  of  a  sliaft,  D, 
and  are  secared  in  place  adjnetably  by  keys  or  nnts,  so  that  they  may  be  moved  to- 
ward or  from  each  other  to  correspond  with  the  distance  apart  of  the  rows  of  plants. 
Upon  the  middle  part  of  shaft,  D,  is  formed  a  crank,  d',  by  means  of  which  the  cylinders 
Are  revolvei!,  either  by  taking  hohl  of  the  said  crank,  d',  directly,  or  by  a  short  handle, 
£,  pivoted  to  said  fraok.  The  shaft,  I),  revolves  in  eyes  in  the  upper  ends  of  two  bars, 
1',  the  npper  parts  nf  which  arc  cnr\od  lo  gtve  room  for  tbe  crank,  d',  to  operate.  The 
'lower  parts  of  (ho  bars,  F,  are  parallel  with  each  other,  and  pass  down  upon  the  oppo- 
site sides  of  the  standnrd,  Q,  to  which  Ihey  are  secared  by  a  bolt,  H,  wliich  paaees 
throngh  a  hole  in  the  lower  parts  of  the  said  bars,  F,  and  tbrongb  a  slot  in  the  said 
-Btandanl,0,  so  that  by  loosening  the  haoil-nnt,&', of  tbe  bolt,  H,  the  cylinders,  A,  may 
he  rais'  d  and  lowered,  as  the  height  of  the  cottou-planla  may  require. 

"1'he  bars,  F,  may  be  kept  from  turning  npon  thebolt,  H,  bylngs  formed  npon  the 
inner  sides  of  the  ban,  F,  which  enter  the  slot  of  the  standard,  O,  or  by  a  second  boll. 

"The  lower  end  of  the  standard  0  is  branched,  and  hassorew-holeefonneil  throngh 
«aid  braucbes  to  receive  tbe  screws  or  bolts  by  which  the  machine  is  secared  to  tba 
Jbrward  part  of  a  saddle,  or  to  the  frame  of  a  sulky. 

'-  Tke  Taplor  Dusting  and  SprivMing  Machine. — Another  machine,  in- 
vented by  Mr.  Thomas  B.  Taylor,  of  Moont  Meigs,  Ala.  (patent  No. 
^14205,  April  8,  1879),  is  somewhat  similar  to  the  Eobinson  machin« 
■already  described  in  that  it  has  arrangements  for  both  sprinkling  liquids 
and  for  dusling  powders,  and  both  can  be  used  simultaneously  or  each 
separately.  The  dusting  apparatus  does  not  differ  materially  from  the 
3)erforat«d  revolving  cylinders  already  described,  but  tbe  machine  ih 
interesting  because  it  is  to  be  attached  to  a  common  plow-stock,  so  as 
to  do  the  cultivating  and  the  poisoning  at  one  and  tbe  same  time.  Plate 
XiVIII,  Fig.  6,  is  a  vertical  loDgitadinal  section,  and  represents  the  plow- 
«tock  with  both  the  sprinkling  and  dusting  arrangements  attached  to 
the  same. 

"A  reprments  the  beam,  B  the  handles,  and  C  the  standard  of  an  ordinary  plow- 
«tock.  To  the  forward  and  rear  parts  of  the  bOHta,  A,  are  rigidly  attached  two  stand- 
»rds,  D,  the  rear  one  of  which  may  be  the  upward  extension  of  the  plow-standard,  C. 
The  lower  end  of  tbe  forward  standard,  D,  extends  to  or  nearly  to  the  ground,  and 
baa  a  plow-plale,  E,  attached  to  it  to  assist  the  plow-plate,  F,  attached  to  the  plow- 
standard,  C,  in  caltivatJDg  the  gronnd,  and  to  give  steadiness  to  the  machine,  ao  that 
it  may  bo  readily  controlled.  To  Ibe  upper  parts  of  the  standards,  D,  are  pivoted  the 
centois  of  the  long  frant  and  rear  bars  of  the  reotangular  frame,  G,  to  the  centers  of 
the  short  side-bars,  of  which  are  pivoted  the  ends  of  the  sheet-utetal  cylinder,  H. 
This  cylinder  represents  tbe  sprinkler,  and  a  more  detailed  description  of  it  will  ha 
given  under  tie  proper  head.  It  can  be  detached,  and  tbe  dusting  arrangement, 
which,  in  the  figure,  la  repreeented  ae  secured  to  the  rear  of  the  ft'ame,  0,  can  be  pnt 
iu  ita  place.    This  dusting  arrangement  consists  of  a  frame,  0,  similar  to  O,  and  to  it 
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wcB  se«Dred  two  «eiai-c;liudricftl  plates,  P,  witb  their  convex  aiilta  upward,  and  with 
their  innei  Bide  edges  near  and  upon  the  opposite  aide  of  the  handles,  B.  In  beariogs 
in  the  opposite  sides  of  the  two  plates,  P,  revolro  the  Journals  of  two  cylinders, 
Q,  made  of  flnely-perfonted  sheet  metal  or  fine  wire-gauze  to  sift  the  dry  powder 
poison  upon  the  plants. 

"The  sifting-cjlindeN,  Q,  are  designed  fa>  be  revolved  by  coutact  with  the  plants. 
The  ends  of  the  cylinders,  Q,  are  provided  with  ring-flanges,  R,  to  which  are  attached 
the  ends  of  a  DumbeT  of  rods,  S,  to  strike  against  the  plants  and  revolve  the  said  cyl- 
inders. The  Tods,  H,  prevent  the  surfaces  of  the  oylioders  from  being  net  by  moist- 
ure from  tbe  plants,  which  would  cause  the  powder  to  stick  to  them  and  thus  olog 
the  discharge  holes. 

"  The  two  eifting-cylinders,  as  well  as  the  sprinkler,  project  of  course  on  each  aide 
of  the  plow  and  dirtribnte  the  poison  on  the  two  adjacent  rows  between  which  the 
plow  is  drawn.  , 

"  In  practice  it  Is  found  that  the  weight  sinks  the  plow  too  deep,  and  to  pievoDt 
this  a  large  sliding-block  is  attached  to  the  cultivator  legs."— Bulletin  Ko.  3. 

Bgoipbocatihg-Stibbeb  Sifters. — In  these  the  stirrer  has  a  back- 
and-forth  moTemeat  upon  the  stationary  sieve  face  to  work  the  powder 
through. 

"The  Willie  Duster.— IAt.  William  T.  Willie,  of  Brenham,  Tex.,  has 
ohtaJned  a  patent  (So,  160986,  March  16, 1875)  for  a  contrivance  which 
ia  but  a  modification  of  the  method  njeutioned  above  of  tbe  application 
of  the  poison  by  a  man  on  horseback  by  means  of  two  sieves  fastened  to 
each  end  of  a  stick  and  carried  across  the  saddle.  The  invention  con- 
sists of  two  boxes  suspended  on  a  transverse  bar,  and  made  adjustable 
vertically  and  laterally  aecording  to  the  height  of  the  plants  and  the 
width  of  the  rows.  The  poison  is  dusted  on  two  rows  of  plant«  by  nieanEt 
of  a  system  of  vibrating  sieves  at  the  bottom  of  the  boxes.  The  appa- 
ratas  is  intended  to  be  secured  to  a  ridiDg-saddtv  in  front  of  the  rider. 

"  Plate  LVm,  Fig.  4,  represents  a  sectional  view  of  the  machine,  the  central  Sgore 
sbowiog  a  detailed  section  of  one  of  tbe  sifting-boies. 

"The  letters  A  A  designate  two  boxes  of  any  suitable  capacity,  whiohare  constructed 
with  two  fixed  wives,  pp,  and  movable  sieves,  p',  arranged  between  the  fixed  sieves 
and  sapported  upon  rods,  ao  as  to  slide  freely  when  the  boxes  ore  vibrated  and  aid  in 
pulverizing  the  material,  oud  at  the  same  time  scattering  it  nniformly.  The  upper 
sieves,p,  will  support  the  bulk  of  the  material  free  trom  the  scattering  sieves,  j»'.  Each 
box  has  eecnred  to  it  a  snspensi on-standard,  B,  having  a  number  of  boles,  a,  throngh 
'  It,  arranged  one  above  another,  and  adapted  to  receive  suspension -pius,  60,  and  allow 
the  boxes  to  be  adjusted  vertically  for  high  or  low  plants.  C  desiguai««  a  bar,  from 
which  rises  agoide-rod,  C.  This  bar,  C,  is  intended  to  be  secured  by  tbe  middleof  its 
length  to  the  saddle,  and  throngh  its  ends  holes  are  made  throngh  which  the  stand- 
ards, B  B,  are  passed  and  snstained  by  means  of  tbe  pins,  ec.  Supplemental  boles  are 
madethioiighthe  bar,  C,tc  allow  the  boxes.  A  A,  to  be  adjusted  for  rows  of  plants  va- 
rying in  width.  D  designates  a  bar,  tbe  ends  of  which  are  slotted  longitudinally  to 
receive  tbe  etandarde.B  B,  and  at  or  near  the  middleof  the  length  of  this  bar,  D,  a 
bole  is  mode  to  receive  fteely  through  it  the  rod,  C.  The  ends  of  bar,  D,  are  notched 
at,  o,  and  are  attached  to  the  rtaudards,  B  B,  by  fitting  these  notches  over  the  pins,  A 
b,  as  shown  in  the  flgnres." — Bull.  3. 

Eotabt-Stiebbb  Sifters.— With  these  the  stirrer  is  rotated  upon 
the  statiouary  sieve-face  to  work  the  powder  through. 

The  J.  W.  Tounff  Dmter,  patented  {No.  188219)  March  6,  1877, 
by  Mr.  James  W.  Youog,  formerly  of  Soathfleld,  Mich.,  now  of  Saiot 
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Joseph,  Mo.,  ie  a  pair  of  sifters  for  two  rows  and  carried  snepended  by 
a  bar  across  the  shoulders.  Encb  sifler  is  a  powder-hox  witU  semi- 
cylindrical  perforated  base,  iu  wliieb  a  brosli  is  rotated  to  grind  thu 
powder  throngh. 

In  Plate  LVIil,  Fig.  7,  is  seen  tho  neck-yoke  above,  from  which  two 
adjQstable  bars  hang,  with  forks  suspending  the  cylinders  which  4tre 
perforated  beneath.  An  adjustable  slide  can  be  set  to  cover  more  or 
less  of  the  perforated  area  to  regulate  the  amonnt  to  be  sifted,  Kotary 
brushes  inside  the  cylinders  arc  turned  around,  or  with  reciprocating 
motion,  to  work  the  poison  through  the  fine  boles.  This  is  probably  tin- 
best  way  to  prevent  clogging  or  cause  a  sieve  to  sift  regnlarly,  and  thi» 
same  principle  seems  to  have  been  adopted  in  Mr.  J,  S.  Smith's  machine 
described  in  what  follows. 

Mr.  J.  W.  Young,  of  Saint  .Joseph,  Mo.,  has  also  devised  a  sieve-ma- 
chine for  powdering  six  rows  at  each  drive,  consisting  essentially  of  a 
trough-shaped  hopi)er  about  27  feet  long  and  having  a  concave  perfor- 
ated bottom,  with  a  rotary  stirrer  operated  therein.  This  is  attached  to 
a  frame  upon  a  pair  of  wheels  which  straddle  a  pair  of  rows.  One  of  the 
draft  wheels  hears  a  band  or  chain  wheel  with  a  belt  or  chain  diiving  a 
piilly  opposite  the  same  and  fast  upon  the  asis  of  the  stirrer,  which  is 
provided  with  a  large  number  of  radiating  paddle-shaped  teeth.  When 
these  are  rotated  by  th^  belt,  their  ends  pass  through  the  poison  in  the 
Hopper,  and  close  to  its  perforated  base,  causing  the  powder  to  sift 
through  upon  the  vegetation  over  which  it  is  hauled.  Not  having  seen 
the  full-sized  machine,  hut  having  examined  a  model  and  description  of 
it,  the  impression  produced  is  that  the  machine,  if  not  made  so  long  as 
to  he  too  heavy,  mast  be  a  good  sifter  for  poisoning  the  upper  surfaces 
( f  plants. 

The  fotlowiDf  machine  and  the  one  preceding  the  last  differ  from 
the  latter  chiefly  in  the  fact  that  bnnches  of  brush -material  are  used  in- 
stead of  stiff  stirrers,  and  it  remains  for  the  future  to  decide  by  experi- 
ence which,  if  cither,  will  prove  best  The  stiff  stirrers  promise  to  be 
the  most  dnrable,  and  my  experience  is  that  such  usage  of  bristles 
causes  thera  to  become  permanently  flexed  in  om^  direction  or  too  weak 
to  give  satisfaction.  The  plan  of  a  stiff  rotary  stirrer  is  well  calculated 
to  cause  the  powder  to  siftont  regularly. 

The  J.  S.  Smith  Sieve  machine,  patenteil  in  1881  {No.  247124),  works 
tho  poison  out  through  perforations,  in  one  side  of  a  cylinder,  by  means 
of  a  spiral  brnsli  rotated  therein.  This  device  appears  in  Plate  LVIII. 
In  fig.  5  is  shown  bis  small  hniid-machiue  for  poisoning  a  single  row. 
One  aide  of  the  cylinder  is  seen  to  be  perforated  witb  the  powder  sifting 
out  therefrom.  The  opposite  half  of  the  cylinder  is  covered  by  a  hori- 
zontal hopper  carried  with  one  hand  and  a  loop  over  the  shoiilder,  while 
it  can  be  tipped  at  will  enough  ti»  make  a  portion  of  the  powder  feed 
into  the  cylinder  to  l>c  worked  out  therefrom  by  the  spiral  brush  turned 
inside  the  same  by  mprins  of  the  gear  wheels  and  crank. 
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It  seems  a  pity  to  pay  for  and  carry  on  one  hand  all  this  gearing 
■when  it  ia  auperflaouH,  for  only  a  slow  rotation  is  necessary  and  a  cranlc 
on  the  axis  of  the  brash  would  answer,  bat  the  right  to  such  a  combi- 
nation appears  to  be  covered  by  one  of  Mr.  J.  W.  Young's  prior  claims. 
The  single  passage  from  the  hopper  to  the  brnsh  is  large,  and  extends 
the  whole  length  of  the  cylinder, 

A  larger  machine  drawn  on  wheels  and  arranged  to  supply  two  rows 
is  also  made  by  Mr.  Sbith.  This  is  intended  for  poisoning  insects  on 
low  crops,  as  potatoes,  &c ;  yet  a  similar  apparatus  could  be  mounted 
higher  to  be  hauled  above  the  rows  of  cotton.  Gears  on  the  main  axle 
communicate  its  rotary  motion  to  a  rod  bearing  the  brushes  in  the  per- 
forated cylinders.  Over  each  cylinder  is  a  powder-hopper,  and  forward 
therefrom  a  large  box  as  a  seat,  and  for  conveying  an  additional  quan- 
tity of  poison.  The  main  wheels  straddle  a  pair  of  rows  while  a  small 
trundle- wheel  ran  s  behind  in  the  intermediate  space,  and  a  pair  of  shafts 
is  provided  for  the  horse  which  travels  ahead  in  the  same  middle.  The 
machine  has  adjustability  to  rows  of  difi'erent  widths,  and  is  strongly 
constructed. 

The  Eldridge  Sifter. — ^The  insect  destroyer  patented  by  Mr.  Frank  A. 
Eldridge,  of  Brenham,  Tex.,  also  designed  to  distribute  dry  poisons  over 
the  cotton  plant,  is  thus  described  in  the  Department  Report  on  Cotton 
Insects: 

"The  nature  of  the  invention  consists  in  the  employment,  upon  a  suit- 
able vehicle,  of  two  or  more  receptacles  for  containing  poison  powder 
which  receptacles  have  perforated  or  sieve  bottoms,  and  contain  within 
them  rotary  stirring  blades  and  brushes,  actuated,  as  will  be  hereinafter 
explained,  whereby  the  poison  dust  can  be  regularly  and  at  the  same 
time  economically  distributed  upon  two  or  more  rows  of  plants  at  the 
.  same  time. 

"  In  Plate  LVIII  Fig.  I  is  a  top  view  of  tbe  mBchine ;  Fig.  3  is  n  Hide  elevation  bLoiv- 
jug  one  of  the  poiMU  receptaelei  in  section ;  Fig.  3  is  ft  ftont  eleratioD. 

"A  dasignatea  the  axle  of  two  transporting  wheels,  B  B,  from  which  axle  rises  a 
firame,  Cg  carryiog  three  poisoD-powder  reoeptaoles,  D  D  D',  which  ore  preferably  of 
cylindrical  form,  and  which  have  finely  perforated  bottoms,  a.  Tlie  two  side  recepta- 
cles, D  D,  are  arranged  so  as  to  (tistribute  the  powder  npon  two  rows  of  plants,  and 
the  rear  reoeptacle  distrlbntes  tbe  powder  upon  the  Jutermediate  row,  thns  playing 
on  three  rows  at  the  same  time.  Each  receptacle  contains  ladial  blades,  b,  which  are 
applied  to  a  central  shaft,  c,  and  provided  with  bcaehes,  d,  which  act  upon  the  per- 
forated bottom,  a. 

"The  blades,  A,  stir  the  powder  and  prevent  It  fh>m  clogging,  and  the  brushes  comjiel 
it  to  pass  through  the  screen-bottoms  iu  a  uniform  manner. 

"  The  upper  ends  of  the  shafts,  c,  of  the  receptacles,  DD,  have  spur-wheels,  c,  on  them, 
which  engage  with  spnr-wheels,/.  on  the  ends  of  a  horizontal  shaft,  £,  which  has  its 
bearings  on  the  top  of  tbe  frame,  C,  and  which  Is  provided  with  pulleys,^  g  g'.  The 
pulleys,  g  g,  receive  rotation  from  pulleys  on  the  inner  cuds  of  the  bubs  of  wheels, 
B  B,  through  the  medium  of  belts,  h  A. 

"  The  rotation  thns  given  to  shaft,  E,  Is  trausmitted  to  the  shaft,  c,  of  the  blades 
and  brashes  which  are  in  tbe  receptacle,  D'. 

"  The  machine  thns  described  will  be  propelled  by  two  horses  hitched  to  tbe  draft- 
tongue,  A',  and,  if  desired,  the  axle,  A,  may  be  centrally  arched,  so  as  not  to  interforu 
with. the  plants  over  which  it  pasaes." 


CHAPTER   XIII. 

MAOHHTBET  and  DBVIOBS  for  the  DBaTEUOriOS   OF 

THE  WOBM— Coueladed. 

T£L— IHSECI  MAHIPULAIOBS  AVD  MECHAVICAI.  TBEATHBHT. 

DISLODGING,  CEU8HING,  OB  STIFLIXG  THE  W0EM8  AND  CHRY8AL1D8. 

The  practice  of  sweepiog  off  or  knockiDg  or  jairiDg  off  the  worms, 
papai,  or  motbs  is  related  to  that  of  taking  them  hy  pieHng  (already 
considered  In  Chapter  XI),  and  at  the  proper  times  may  have  some 
BJmilar  value.  One  difference  is  that  in  this  method  insects  are  gen- 
erally manipalated  by  a  tool  or  machine,  thoagb  sometimes  they  are  . 
knocked  off  by  the  hand  or  foot.  Various  sweeping  and  beating  de- 
vices are  available,  yet  usually  not  commendable.  Sticks,  bats,  bunches 
of  branches,  brooms  or  long  brushes,  &c.,  naturally  suggest  themselves. 
But  these  arrangements  are  applicable  only  with  snch  force  as  to  be  not 
aaitable,  and  the  machines  embodying  them,  in  so  far  as  they  have  been 
effective  against  the  insects,  prove  also  objectionably  damaging  to  the 
bolls,  &c. 

The  machines  for  manipulating  plants,  to  remove  insects  from  them, 
may  be  thrown  Into  two  categories :  (1)  friotional  dragt,  as  brushes, 
scrapers,  &c.,  and  (2)  fteafei-«  (i/'f&«j>Iant<,aa  dabs,  flappers,  Six.  Though 
some  of  these  have  not  been  tried,  it  is  doubtful  if  any  of  them  will 
prove  advisable  for  use  upon  the  cotton  cit>p.  The  best  possibilities 
that  I  can  suggest  are,  for  (1)  the  use  of  a  large  long  fringe  of  light 
ropes  or  other  suitable  materials,  to  be  dragged  along  the  row  so  that 
the  ropes  or  equivalent  elements  fall  into  the  plauts,  down  among  the 
branches  and  leaves,  thoroughly  to  strike  aud  wipe  the  surfiKses  of  all 
the  leaves  and  branches  and  create  thus  sueh  friction  and  disturbance 
as  to  dislodge  the  worms.  The  elements  in  question  should  be  nu- 
merous aud  hang  in  contact  with  each  other,  but  not  lieavy  or  rough 
enough  to  break  or  scrape  the  plaiit  or  pull  or  knock  off  its  bolls.  Upon 
this  plan  I  made  a  device  of  soft  materials  also  intended  to  be  kept  wet 
with  poison  and  thus  wipe  it  off  onto  the  leaves  and  branches.  It  con- 
sisted of  a  group  of  long  cylindrical,  slender,  sausage-shaped  stuffed 
bags,  each  being  1  or  2  inuhes  in  diameter.  Bristles  of  animal  or  vege- 
table or  flue  metal  flber  held  in  the  twist  of  ropes  thus  used  add  much 
to  their  efficiency  in  removing  anything  iVoni  the  foliage  of  the  plauts. 
The  greatest  possibility  that  I  can  propose  for  (2)  i8.in  the  use  of  very 
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broad  flappers  to  strike  the  aides  of  tlie  rows.  Each  of  these  should  bare 
a  faee  of  several  Bqaare  feet  area,  in  order  not  to  strike  individaal 
branches  aloue  aud  break  them  off.  An  insect  machine  striking  by  a 
broad  flapper  operated  by  a  ratchet  and  spring  was  constracted  by  me 
aud  tested  on  otber  plants  abont  tweuty  years  ago.  This  seems  to  me 
the  safest  way  to  apply  the  beating  principle  for  removing  anything 
£rom  the  plants.  With  each  blow  of  the  flapper  there  is  generated  a 
puff  of  wind  for  the  same  purpose. 

In  all  these  cases  some  means  of  collecting  or  dispatcking  the  insects  is 
provided.  They  are  collected  in  a  tray  combined  with  the  brasher  or 
flapper  and  carried  therewith  beneath  the  row,  or  a  band-tray  of  wood, 
metal,  or  cloth  ia  applied  by  one  baud  while  the  other  is  engaged  in 
removing  the  insects  to  it  from  the  plant.  An  elongated  pan  with  a 
handle  on  one  side  is  convenient.  A  shallow  bag  of  cloih  or  netting 
having  its  mouth  expanded  on  a  irsme  provided  with  a  handle  also 
answers  well.  In  such  a  net  or  deep  cloth  tray  I  recommend  the  use 
of  a  wad  of  cotton  or  a  sponge  filled  with  kerosene  of  the  cheapest 
quality,  or  with  benzine,  which  works  quicker.  In  metal  or  wooden 
trays  that  are  moderately  deep  the  same  can  be  used  with  advantage. 
Whatever  is  used  should  be  wet  with  these  well-known  insecticides, 
benzine  or  kerosene.  In  shallow  trays  a  layer  of  cotton  l>attiug  or 
otber  suitable  fibrous  or  porous  matrix  can  be  used  to  hold  more  of 
the  hydrocarbons  than  will  adhere  on  the  vessel  aJone.  Falling  on 
this  cushion  the  worms  get  a  good  dose,  aud  it  is  then  not  necessary  to 
wet  the  pan  so  often.    Tar  aud  other  adbesives  are  less  satisfactory. 

Cruaking  the  larvae  upon  the  ground  by  the  foot,  by  a  pounder,  or  by 
a  bedvj'  weight  dragged  along  are  other  meaus  of  annihilating  the  dis- 
lodged insects,  aud  under  some  couditious  they  may  be  left  to  be  de- 
voured by  iusectlvorous  animals  or  to  die  of  the  excessive  cold,  wet- 
ness, or  dryness.    These  topics  will  have  lUrther  notice  below. 

Tlie  Hthn  Sweeper  and  Crus/ier.— This  was  patented  in  (So.  139062) 
1873,  by  Mr.  J.  Helm,  of  Hochheim,  Tex.  It  is  a  portable  frame,  hav- 
ing brushes  of  split  white  oak  or  other  material  drawn,  upon  a  heavy 
drag,  straddle  of  a  row  of  cotton  plants  to  sweep  off  the  worms  or  pu- 
pfe,  and  cnmh  them  beneath  upon  the  ground.  lu  Plate  LIX,  Fig.  1 
is  a  side  elevation.  Fig.  2  is  a  transverse  section  through  the  line,  c  «,  of 
Fig.  1,  aud  Fig,  3  is  a  front  view  of  the  machiuc 

' '  The  letter  A.  repieeeuta  b  frame  compoaed  of  two  bottom  boards,  a  o,  of  four  or 
moro  apri^rbta,  b  b,  and  a  Buitiible  eeriee  of  uro8s-brace«,  d  d.  The  buards  a  a  are  on  a 
level  and  paTulIcI  to  each  other,  aud  have  wingH,  e  e  atxt  //,  liiugcd  to  their  inner  aud 
outer  edges,  respectively.  To  each  of  the  front  parts,  6,  Is  pivoted,  at  g,  a  lever,  B, 
which  oarrien  a  wheel,  C,  at  its  front  end.  There  are  thus  two  sach  wheels,  C  C,  that 
rest  on  thegiuiutdin  front  of  the  appiaatus.  Draft-books,  A  A,  are  applied  to  the  front 
ends  of  the  levers,  B,  for  hitcbiog  the  diaft  auimaU  to  by  which  the  machine  is  drawn 
over  the  field.  The  levers,  B,  can  be  swoiig  on  their  pivots  to  raise  the  frame,  A,  ou 
the  wheels,  C,  whenever  stones,  stomps,  or  olher  obstructions  are  to  be  avoided.  In 
SQch  case  the  levers,  B,  are  or  can  be  locked  to  toothed  plates,  1,  which  are  applied  to 
tha  rear  paste,  li^  as  indicated  in  Fig.  1.    When  the  maoliine  is  to  be  tnmed  it  U  alio 
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luxeeaatj  to  elevate  the  frame,  A,  off  the  gronnd,  aud  thruiv  the  whole  weigUt.of  the 
■ppikratiis  iii>oii  Ihn  nhce!:!,  C.  Whvuever  the  fhtnie,  A,  is  thus  misod  tliu  wingH,  a 
and/,  will  bi>  gwiiug  up  t«  clear  the  upper  expanded  parta  of  the  cotton  planta.  Thia 
iadone  by  coonoclin;^  the  two  wings  that  are  hinged  to  each  board,  a,  with  eaeh  other 
by  ft  striug,  J,  which  pusaes  over  the  lover,  B,  so  that  in  swinging  np  suoh  lever  the 
atriDg  will  be  drawn  iritb  it  to  coatraot  or  swing  up  the  wing.  In  the  front  enda  of 
two  horizontal  ban.  I  I,  that  ore  longitudiDnlly  secured  to  the  upper  parta  of  tha 
posts,  b,  in  huug  a  Irons  verso  drum  or  shaft,  D,  from  which  a  series  of  point  cil  braehee, 
E  E,  are  enapptiileil.  Bmshes,  F  F,  arc  also  rigidly  affixed  to  a  oross-bnr,  ni,  back  of 
the  shaft,  D,  aud  to  inclined  bars,  n  n,  that  are  secured  to  the  sides  of  the  fmmo,  A. 

"For  use,  tbt)  machine  is  placed  to  straddle  u  row  of  cotton  between  the  inner  wiuga, 
e  e.  The  bourda,  a  a,  rest  in  the  furrows  and  the  outer  wings  on  the  rising  sides  of  tba 
adjciuiug  ridges,  all  as  clearly  »buwD  iu  t'ig.  2.  The  wiugs  rest  with  their  weight 
on  the  sides  of  the  ridges.  The  DinchlDU  being  drawn  ahpad,  (be  shatT,  D,  is  rovolvcd 
by  Its  brashes,  E.  which  come  in  contact  with  the  cotton  plants.  Also,  by  subsequeot 
contact  with  the  brnahes,  F  F,  the  worms  are  all  swept  to  the  ground,  on  which  they 
ore  finally  crushed  and  destroyed  hy  the  weight  of  tite  boards,  a,  and  wings,  ef. 

"Apart  from  the  circnmfitance  that  this  machine  straddles  only  one 
row  of  plants,  it  is  extreoiely  ilonblful  whether  nil  or  even  a  largo  por- 
tion of  the  worms  would  be  crushed  by  the  bottom  pieces,  consideiiDg 
the  uneven  nature  of  the  ground." 

The  followiug  machines  carry  a  tray,  of  sheet  metnl,  canvafi,  or  other 
suitable  material,  supplied  with  tar,  cunl  oil,  or  other  stifliug  substances 
to  catch  and  kill  the  insects  by  sTangulation. 

The  Einnff  Sireeper  and  Stijler  consists  essentially  of  two  arms  which 
beat  oflF  the  worms  from  the  row  into  a  large  tint  tray  drawn  Ixmeath 
charged  with  tar,  &c.  This  is  "  one  of  the  earliest  used  machines  of 
this  kind.  It  was  inventedby  Mr,  William  Ewing,  of  Columbia,  La,,  in 
(No.  99f*9u)  1869.  Startiug  from  the  observation  that  the  worms  drop 
or  throw  themselves  from  the  plant  upon  moderate  disturbance  of  the 
leaves  and  branches,  Mr.  Effing  constructed  a  very  simple  machine,  of 
which  Fig,  4  is  a  top  view  and  Fig.  5  a  side  view  in  PI.  LIX.  In  these 
drawings  a  represents  a  frame  constructed  of  wood  or  other  suitable  ma- 
terial, c^ethe  wheels,  aud /a  yoke  or  drawing  device.  Upon  the  front 
wheel,  e,  on  either  side,  are  pins,  g,  which  act  upon  the  lower  ends,  A,  c»f 
the  arms,  t,  as  the  wheel  is  rotated.  These  arms  are  jiivoted  to  plates,  j, 
aud  extend  upwanl  and  outward  so  as  to  pass  along  the  sides  and  over 
the  top  of  the  plants.  To  the  upjier  part  of  these  arms  other  tubulin- 
arms,  !c,  are  afitixed,  so  that  the  brushes,  I,  secured  thereto  aud  held  iu 
place  by  eyes  or  ring,  m,  may  be  adjusted  to  the  height  of  the  plants. 
Between  the  frame  a  canvas,  b,  is  stretched.  This  latter  is  smeared  with 
tar  or  any  other  material  to  which  the  worms  will  stick  or  adhere  tor  a 
reasonable  length  of  time. 

"This  machine  is  intended  to  be  drawn  by  hand,  or  by  a  horse  or  mnle, 
between  two  rows  of  plants,  the  leaves  and  branches  of  which  are  agi- 
tated by  the  arms  and  brushes.  The  worms  fall  upon  the  smeared  sur- 
face of  the  canvas,  and  may  easily  be  gathered  up  and  destroyed.  It 
is  evident,  however,  that  only  those  worms  are  caught  which  fall  toward 
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the  inside  of  the  rows  of  plants  between  which  the  machine  pasaee.  To 
obviate  this  drawback,  Mr.  Ewing  soggests  the  attaching  to  each  side 
of  the  fi-aiue  another  light  frame  of  wire  rods  or  cane,  reaching  above 
the  tops  of  the  plants,  thence  down  again  to  near  the  gronnd,  and  there 
carrying  a  canvas  which  is  likewise  smeared  witli  tar. 

"  Two  other  machines,  though  originally  intended  for  clearing  potato- 
vines  of  their  insect  enemies,  deserve  notice  here. 

The  Wo^d-Smith  Tray  Sweeper.— ^^  The  first  of  these  was  patented  by 
Messrs.  G.  W.  Wood  and  Charles  H.  Smith,  of  FaribaoH,  Minn.,  in  No. 
214478  (1S79),  and  consists  of  an  apparatus  monnfed  on  wheels,  which 
is  drawn  between  the  rows  of  plants,  and  by  suitably  shaped  wings 
gathers  the  plants  into  a  bnnch  and  shakes  them,  thereby  shaking  oif 
the  larvtB  into  a  receptacle  from  which  they  cannot  cseai>e.  The  parts 
of  the  apparatns  are  adjastable  to  snii  the  height  of  the  plants. 

"  In  Plate  LIX  Fig.  6  is  a  plan  of  the  apparatus  ;  Fig.  8  is  a  loogi- 
ladinal  section  at  the  line,  xic;  Fig.  7  is  a  cross-section  at  the  Ime, 

yy- 

"  Similar  letters  of  refereoce  indicate  correaponding  parts,  a  a  tue  vvTtic&l  staod- 
atda,  coDDected  together  bj  a  croaa-bnr,  b,  at  their  Dpper  eQds.  e  o  nre  nheelB 
Bonated  on  abort  axles  fitted  ia  the  boxes,  d,  at  tbe  lower  ends  of  staodarda,  a. 

"Tbe  etoDdaTdsaareat  aach  a  distance  apart  ttiat  tbe  wheels,  c,  wilt  rno  betveeii 
the  rovs  of  plaota  and  two  rows  of  plants  be  between  tbe  wheels. 

"Tbcoroas-bar,  t,  is  made  ia  two  pieces,  ns  shown,  connected  together  by  screws,  so 
that  the  bar  can  be  adjosted  acconling  to  tbe  width  of  tbe  rows  e  e  are  wings,  one 
at  each  side  of  tbo  apparatns.  Tho  forward  ends  of  tbe  wiugs  lire  attached  to  tbo 
■tandanis,  a,  and  tbeir  rear  enils  are  conDected  together  at  Ihc  center  li[ie  of  the  tua- 
ohine.  These  wingM,  e,  are  of  suitable  width,  and  tbey  are  attni-bed  with  tbeir  edge^ 
vertical  at  tbo  forward  end,  and  are  taiatcd  so  ait  to  lie  flat  nhen'  the;  are  connected 
together  at  tbe  rear  eod.  /is  apan-nhapcd  receptacle,  attached  l).v  arras,  ff,  to  a  bur, 
k,  that  is  suspended  fi-ora  bar,  b,  midway  bctweeu  tbo  wheels,  c.  i  is  a  vertical  rod 
riwngfrom  tho  rear  end  of  the  receptacle,/,  aud  passing  ibrongh  a  hole  in  (be  cndn 
of  wiogs,  t. 

"Thuiipperi'iid  of  rod,  f,  is  providKl  with  a  handle,  k,  by  which  the  rearesdof  the 
machine  may  l)e  managed.  There  are  boles  in  rod,  i,  into  which  piiia,  1 1,  may  be  in- 
serted to  retain  the  rear  ends  of  tho  wings,  e,  at  the  desired  height,  according  to  the 
growth  of  the  plants.  The  strips,  m,  that  form  the  sides  of  tho  receptacle,/,  are  piv- 
oted by  pins,  H,  at  one  end,  ao  that  tbe  receptacle  can  be  made  wider  or  tbe  reverse, 
according  to  tho  wi.itb  of  the  rows 

"Attheiiineraideof  tho  wings,  e,  aud  projecting  over  the  receptacle,  are  flappera,  n  o, 
hinged  at  p.  Each  of  tbeaedapper^haaa  rod,  9,  passing  tbrongb  (hewing  that  the  flap- 
per ia  hinged  to,  and  connected  with  a  crank-lever,  r,  hung  at  the  outside  of  tbe  wing. 
(  tsa  lever  fulcrumed  at  tbe  forward  end  of  tbe  wing  in  such  position  that  one  end  of 
Ibe  lever  is  acted  npon  by  the  teeth,  t,  attached  to  the  iouer  side  of  the  wheel,  c.  The 
other  end  of  the  lover  ia  connected  by  a  strap,  u,  that  passea  bnneatb  a  roller,  r,  to  11 
rod.  tB,  that  ia  attached  to  crank-lever,  3 ;  g  is  a  spring  connected  to  lever,  ",  and  to 
the  wing,  e.  The  teeth,  (,  depress  the  lever,  1,  and  draw  upon  the  crank-lever,  r,  and 
spring,  y,  and  draw  tho  flapper  outward  ;  but  aa  soon  aa  tbe  lever,  t,  clears  the  tootli 
the  flapper  springs  out  quickly.  The  arrangement  is  the  same  on  both  flappers,  0. 
aad  by  that  means  a  series  of  rapid  blows  are  given  upon  plants  gathered  by  ttie 
wings. 

"A  horse  is  to  be  attached  to  tbe  whitBetroo,  a',  that  is  bnng  on  bar,  R.  The  horee 
will  walk  between  tbe  rows  of  plants  that  are  to  be  operated  npon  by  the  apparatns, 

i:(iit--fd   .■  v^tVJv.''^!'^ 
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and  the  receptacle,/,  will  ran  oii  the  groniiA  beti*ecn  the  rowa.  As  the  «ppKratiu  is 
drawn  forward  the  plants  pasa  beneath  the  bar,  It,  one  row  at  each  aide  of  the  bar,  K, 
and  pao,  /,  and  the  rows  will  be  gathered  together  and  b«nt  down  beneath  the  winga. 
The  flappers  will  ahake  the  plant  and  the  larvie  will  be  rabbed  and  fihaken  off  into 
the  reoeptaole. 

The  lake  8uieq>er and  StiJUr. — "ThiswaBpateutedbyMr.AnthoDylske, 
of  Laocaster,  Pa.  (No.  173728),  in  1876. 

"  It  eoDsists  of  an  upright  t'rarue,  open  beneath,  with  two  wheels  in 
front,  and  is  dr»wu  overouerowof  plants  at  a  time.  Arowof  brnehes, 
made  of  broom-coru  or  of  any  other  soitable  material,  is  fastened  to  a 
longitudinal  beam,  which  is  adjastable  to  the  height  of  the  plants  and 
agitated  by  a  contrivance  similar  to  that  in  Mr.  Ewing's  machine.  The 
worms  dislodged  by  the  action  of  these  brnshes  fall  in  two  canoe-shaped 
trays,  which  are  supported  by  swinging  arms,  and  elide  along  one  on 
each  side  of  the  row  of  plants  close  to  tlieir  base.  On  the  outer  side  of 
each,  these  trays  are  provided  with  a  smooth  inclining  shelf,  which  dipa 
into  the  tray,  and  with  a  vertical  backboard  in  order  to  prevent  any 
wormti  from  being  beaten  beyond  these  trays.  In  using  this  machine  it 
is  ueceasary  to  smear  the  trays  with  tar  or  coal-oil." 

Other  Catching-trays. — "Finally,  having  proved  that  the  least  touch  of 
kerosene  is  as  fatal  to.  the  cotton  worm  as  it  is  to  so  many  other  insects, 
I  have  uo  hesitation  in  recommending  as  a  cheap  substitute  for  these 
brushiDg-machines,  where  youthful  lubor  is  abundant,  the  net:  of  sheet- 
iron  pans,  over  the  bottom  of  which  kerosene  or  coal-tar  is  spread.  They 
proved  very  successful  in  1877,  when  the  Western  farmers  were  con- 
tending with  young  locusta  ;  and,  drawn  between  the  rows  of  cotton, 
while  the  worms  are  being  brusLed  off  in  the  manner  recommended  by 
Mr.  Hoyt,  they  would  prove  equally  satisfactory  when  the  weather  is 
not  sufficiently  hot  and  dry  to  insure  the  death  uf  the  worms  otherwise. 
Or  a  still  simpler  arraugement  might  be  adopted,  viz :  a  cloth  stretched 
on  a  frame  that  will  draw  between  the  rows  and  kept  saturated  with 
kerosene." 

TBAPS  FOR  THE  M0TH8. 

While  the  foregoing  devices  aim  at  destroying  the  pest  in  its  earlier 
stages,  these  are  specially  for  captnring  the  pareut  forms — the  moths. 

The  moths  are  attracted  in  three  ways :  1.  By  tights  which  have  on 
them  an  alluring  effect ;  2.  By  odors  associated  with  the  sweets  of 
which  they  are  fond,  and  3.  Bybothof  these  attract  ions  combined.  The 
causes  of  this  attraction  and  other  points  connected  with  it  have  already 
l>een  discussed  iu  chapter  XII,  so  we  shall  pass  to  the  discussion  of  the 
various  traps  Invented. 

Light  traps. — "The  following  enumeration  of  lamjis  for  attracting 
and  killing  the  moth  is  by  no  means  a  complete  one.  Some  of  the  inven- 
tions arc  no  longer  used,  and  descriptions  or  samples  of  them  unattain- 
able }  others  are  mere  copies  of  such  as  nie  here  described,  and  are 
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therefore  omitted ;  wbile  still  others  are  too  complicated  aad  ezpcDBire 
to  warrant  mention.  A  few  words  have  still  to  be  said  concerning  the 
miztare  to  be  nsed,  in  connection  vith  the  lamps,  for  killing  the  moth. 
Almost  anj  sticky  sabstance,  snch  as  paint,  tar,  molasses,  soap-suds, 
&c.,  will  answer  tbe  pnipose ;  bnt  the  cheapest  and  most  effective  meana 
is  to  half  fill  the  pan  with  water,  and  then  poor  In  a  tablespoonful  of 
kerosene.  The  miztnre  can  be  strained  off  in  tbe  morning  and  used 
again. 

"A  simple  lamp,  first  made  hj  Co).  CLarlfs  Lewis,  of  Bearne,  Tex. 
has  for  some  time  been  in  use  in  tbe  fields  in  the  Brazos  Biver  bottom. 
Jt  consists  of  tbe  nsna)  shallow  tin  plate  placed  npon  a  board  that  is 
nailed  to  tbe  upper  end  of  a  stake  or  post.  In  tbe  middle  of  this  pan 
is  placed  a  common  kerosene  lantern,  large  enough  to  burn  the  whole 
night,  or  at  least  the  larger  part  thereof.  In  1878  the  planters  near 
Bearne,  Tex.,  were  nightly  burning  oyer  1,000  of  these  lamps  duriug  a 
period  of  several  weeks.  The  cost  of  this  lamp,  with  tbe  tin  pan,  is  be^ 
tweeen  30  and  10  cents,  and  the  cost  of  burning  ft  one  night  abont  1 
cent.  One  lamp  is  generally  used  for  every  five  acres  where  tbe  land  is 
level,  bnt  at  shorter  intervals  wheie  it  is  rolling. 

"  ike  McQueen  Lamp. — This  again  does  not  materially  differ  &om  the 
otbersso  far  meotioned.  Patented  by  Mr.  B,  F.  McQueen, of  Manack, 
Ala.  (No.  16(1124,  July  27,1875),  it  consists  of  an  oidioary  lantern  which 
is  secursd  to  the  center  of  a  shallow  basin,  beneath  which  is  fastened  a 
tube  intended  to  fit  on  a  post  or  stake.  At  the  top  of  tbe  lantern  is  a 
horizontal  screen  of  tin,  forming  a  reflector  and  serving  also  to  precipitate 
theinsectftin  tbe  pun  below.  An  illustration  of  this  appears  in  Plate  LX, 
Fig.  2,  where  G  represents  its  attachment  to  a  stake,  B  is  the  pan,  A  the 
lantern,  and  D  the  reflector.  The  reflector  not  only  throws  the  light, 
bnt  tbe  insects  that  ascend  at  tbe  side  of  the  lantern  strike  it  and  fall 
down  Into  the  pan. 

"  The  Rigel  Lamp. — Invented  and  patented  by  Mr.  Mark  Rigel,  of  Ala- 
bama (patent  dated  January  28,  1873),  this  lamp  differs  only  in  being 
made  so  as  to  hang  by  a  ring,and  in  the  lanteni  having  in  addition  to  a 
horizontal  reflector  several  vertical  ones. 

"  There  is  another  class  of  lamps  of  a  still  simpler  nature,  consisting 
of  a  torchlight,  large  enough  to  prevent  its  being  extinguished  by  tbe 
wind,  and  placed  in  the  middle  of  a  tin  pan.  While  cheaper  than  those 
with  a  steady  light,  they  are  decidedly  less  effective,  and,  moreover, 
tbey  consume  more  oil,  Tbe  simplest  lamp  of  this  class  is  astont  bottle 
filled  with  kerosene  and  moanted  with  a  wick, 

'■'■TheWaUcer  Lamp. — This  has  been  constructed  by  Mr,  John  E.  Walker, 
of  Winchester,  Tex.,  and  is  represented  herewith  (Plate  LX,  Fig.  4). 
It  consists  of  tiie  usual  tin  pas  placed  on  a  post,  and  of  a  short,  fonnel- 
shaped  pipe  soldered  to  Its  center.  A  second  hollow  tube  of  the  same 
-  shape,  inverted,  is  attached  to  tbe  bottom  of  tbe  oil  reservoir  so  as  to 
flt  flnnly  over  the  first.    The  reservoir  has  at  the  top  a  raised  mouth, 
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with  a  worm,  tbrong'-.  whicb  ttau  oil  is  poured  aud  oa  to  which  the  wick 
tnbe  18  screwed,  as  ia  the  fijrure,  the  lower  part  of  l:he  tube  which  eoterx 
the  reservoir  being  perforated.  The  shoulder  above  the  screw  is  dt- 
sigDed  to  prevent  the  falliug  of  cinders  or  fire  into  the  kerosene. 

"Oiieof  the  simplest  lamps  ia  tliat  which  I  herewith  illuHtrate  (Plat* 
LX,  Fig.  5),  It  has  been  extensively  a»ed  and  is  a  mere  modiQcatioti 
aud  simplificatiou  of  the  Walker  lamp.  The  reservoir  is  here  soldereal 
to  the  center  of  the  pan,  and  the  wick-tube  to  the  top  of  the  oil  reser- 
voir. The  oil  is  poured  in  through  an  opening  near  the  edge  of  Uh- 
top  of  the  reservoir." 

Other  lamp-pang  not  materially  better  than  those  described  have  beeo 
patented  by  Mr.  J.  R,  Duke,  of  Norristowa,  Ark,,  Mr.  J.  B.  Stephen^., 
of  Lone  Star,  Miss.,  Mr.  C.  K.  Dudley,  of  Canton,  Miss.,  Mr.  K.  Pitman, 
of  West  Point,  Iowa,  Mr.  O.  C.  Cranston,  of  South  Bend,  Ind.,  ao<l 
others,  but  with  the  examples  described,  a  detailed  account  of  all  these 
will  hardly  be  necessary. 

Lamps  in  Motion  will  next  be  noticed. 

The  Le  Blanc  Cotton-tnotk  Destroyer. — "As  a  resalt  of  the  observ*- 
liou  that  tlie  moths  that  are  flying  in  the  field  are  not  so  readily  at- 
tracted by  a  stationary  light  as  by  one  iu  motion,  t^e  two  followia;: 
macbiues  have  been  invented  with  a  view  of  being  drawn  or  drugge<l 
through  the  field:  The  first  of  these  is  the  Le  Blanc  cottou-inotb 
destroyer,  iuveuted  by  Mr.  Augnste  Le  Blanc,  of  Louisiaim,  La.  (pat- 
ent No.  101028,  March  22,  1870),  and  ropresented  at  Plate  LXI,  Fig. 
0.  Tlie  apparatus  is  mounted  on  wheels,  A,  aod  consists  of  a  platfonn. 
B,  lo  which  are  secured  a  number  of  exteusible  posts,  c,  supporting  a 
I'oot,  D,  from  which  is  suspended  by  a  chain  or  rope  the  devices  to  ob- 
tain the  light.  This  device  consists  of  the  reservoir,  E,  which  comnm 
iiicates  through  pipes,  a  and  b,  with  a  series  of  radial  burners,  F. 
which  are  arranged  so  as  to  form  a  circle  of  about  8  feet  in  circnu 
fereuce,  though  the  dimensions  may  be  ioereased  or  decreased.  Thr 
posts,  c,  are  rendered  extensible  by  being  formed  in  two  parts,  c  rf,  tlip 
one  fitting  and  sliding  iu  the  other.  A  series  of  boles,  e,  are  made,  one 
in  the  iiart,  c,  while  -i  spring  top  or  piu,  /,  is  fixed  to  the  other,  d.  By 
this  meaus  the  burners  may  be  raised  or  lowered  at  pleasure.  Thuroof 
does  not  serve  alone  to  shield  the  burners  from  rain,  but,  if  pamteil 
with  a  white  paint  or  with  any  other  sticky  substance,  also  heliw  tn 
attract  and  destroy  the  moths.  Iu  order  to  use  this  machine  efifectually, 
Mr.  Le  Blanc  suggests  that  the  cotton  should  be  planted  so  as  to  leav? 
at  intervals,  say,  of  2  acres,  a  space  wide  enough  between  the  rovs  to 
permit  the  machine  to  pass  through. 

"  The  Fordtran  Cotton-Moth  Destroyer.^The  second  machine  to  be  nwu- 
tioned  iu  this  connection,  invented  by  Mr.  E.  H.  Fordtran,  of  FlatonlH. 
Tex.  (patent  No.  19G211,  October  16,  1877)."  It  consists  of  a  number 
of  lamp-traps  hung  on  a  crossbar,  supported  and  coniiecte«l  willi  .t 
horse  by  a  pair'Of  shafts,  with  their  hind  ends  bent  down  to  form  niu- 
ners  to  slide  upon  the  ground.     The  cross-bar  can  be  raised  or  lonpml 
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nccordiug  to  (lie  heigbf  of  the  eottoD,  and  ia  preferably  set  so  low  a^i 
to  strike  tbo  tops  of  the  plants.  By  clamp-screws  the  pau-lamijs  are 
attacbetl  to  this  bar.  The  Tnuners  are  thought  to  do  loss  injury  than 
wbet'Is  v^ould  to  the  crop,  and  are  placed  so  far  apart  aa  to  straddle 
two  roors  or  luore.  Diffcreut  kiuds  of  tiaps  or  torches,  ns  iufianiinablo 
l>alls,  may  bo  us.'d  oa  the  frame  if  desired. 

Bait  Traps. — These  traps  appeal  to  the  sense  of  smell  as  a-ssoctateil 
wirli  tliat  of  taste. 

The  Seard  Bait  Trap. — ^Thia  device  was  patented  by  Mr.  J.  M.  Heard 
iu  ISGO,  aud  is  illustrated  iu  Plate  LXl,  Fig.  4,  whieh  {i^ivcs  a  seciion 
view.  The  circular  pan,  A,  coutaius  the  bait,  B,  mixed  with  adhesive 
Hiibstauce  to  attract  and  drown  the  moths.  A  piirtial  cover,  a,  with  a 
widely  open' center  and  forming  a  ledge,  a,  projecting  horizontally  in- 
wardit  from  the  upper  edge  of  the  pan  a  short  space  above  the  liqnid 
bait  prevents  the  moths  from  getting  at  the  bait  without  falling  iu,  aud 
then  helps  to  stop  their  escaping.  The  inverted  cone,  C,  and  circular 
ntnbrellsi  or  rim,  D,  are  for  the  moths  to.  strike  upon  and  to  deflect 
or  koock  them  down  into  the  bait,  which  i»  made  as  follows:  To  a  little 
anise,  fennel,  or  other  essential  oil,  add  a  little  alcohol,  and  afterwards 
uiix  with  this  a  gallou  of  molasses  for  each  ounce  of  the  oil  used.  A 
fresh  inistiire  of  the  bait  should  be  introduced  once  a  week.  According 
to  the  Agricultural  Department  Report  on  Cotton  Insects,  1S79,  this 
trap  Las  "been  "quite  extensively  used"  in  the  South. 

The  Garrett  Bait  rr«j>.— Made  by  Mr.  J.  G.  G.  Garrett,  of  Port  Gib- 
Mtu,  Miss.,  is  shown  in  plan  section  in  Fig.  2,  PI.  LXI:  Upon  the  stake, 
K,  i.s  mounted  a  tray,  t,  containing  the  bait,  x,  and  bearing  a  horizontal, 
inward -projecting  edge,  e,  of  sheet  metal  about  three-fourths  of  an  inch 
witle,  and  situated  a  short  distance  above  the  bait,  x,  to  cause  the  moths 
approacbiug  the  bait  to  fall  in  and  then  prevent  their  escajte.  In  the 
■-enter  is  a  support,  i,  for  a  light  and  having  Ao  a  horizontal  ledge. 
Mr.  Garrett  does  not  recommend  the  use  of  the  light  and  has  much  bet- 
ter success  with  bait  alone,  so  the  former  may  he  omitted.  Above  the 
whole  is  a  roof,  r,  under  the  eaves  of  which,  aud  at  its  ends,  is  space  for 
the  moths  to  enter-  This  will  help  prevent  their  escape  and  protect  the 
bait  from  being  affected  by  rains.  The  bait  consists  of  about  equal 
qnantities  of  molaS'ies  and  water,  with  a  little  vinegar  or  other  attractive 
:*abstance8.  Occasionally  the  insects  may  be  strained  ont  from  the  bait, 
which  is  then  used  again.  Mr.  Garrett's  older  lamp-trap,  noticed  below, 
is  now  abandoned  for  this  one  which  has  some  preference. 

Teaps  cOMBtNiNO  LIGHT  AND  BAIT. — Traps  mfty  be  made  to  combine 
tbe  best  features  of  both  the  preceding  kinds  and  the  two  diQ'erent  at- 
tractives,  bait  and  light,  may  be  used  simultaneously  or  in  alternation. 
Where  the  bait  is  used  at  night  associated  with  alight,  the  former  may 
lielp  some  in  drawing  the  insect  to  the  latter,  but  when  the  light  is 
once  closely  approached  its  dazing  effect  on  the  insect  probably  produces 
the  entire  effect  which  follows.  The  bait  may  be  nsed  independently  io 
the  daytime  and  the  tight  with  it  or  iadependently  at  night. 
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The  Net  Trap. — A  oet  trap  of  my  own  inventioD,  and  which  I  con- 
sider the  best  of  this  class,  deserves  the  following  coDsidenttioo  ;  Ob- 
Observiug  bow  moths  attracted  by  light  approach  panea  of  illumiuated 
glass,  descending  or  asceodiog  thereon,  that  moat  of  the  moths  allured 
by  light  do  not  plooge  ioto  thg  blaze,  but  pass  near  it  by  a  more  or  less 
circuitous  course,  often  describing  ellipsoid  figures  and  retaming  to  re- 
peat the  same,  so  that  such  moths  are  not  caught  by  the  corumon  lamp- 
traps  which  have  more  or  lese  cylindrical  or  cubic  form,  with  the  several 
horizontal  diameters  not  extremely  unequal,  I  planned  a  screen,  made 
preferably  of  glass  or  glass  and  sheet  metal  in  combination  tvith  a  light, 
or  bait,  and  other  arrangements  for  taking  moths  and  otber  insects,  as 
represented  In  Plate  LXI,  Fig.  1.  The  two  ends  of  the  apparatus  are 
alike.  Observing  one  end  with  reference  to  the  lettering^  «  iu  a  stake 
having  a  slit  sawed  down  into  its  top,  ou  ita  side  a  cleat,  e,  and  above 
this  two  opposite  notches,  x.  In  the  slot  is  supported  one  end,  t,  of  a 
large  plate  of  glass,  t,  the  larger  the  better.  It  had  better  be  3  feet 
square  or  more.  A  sheet  of  metal,  v  r,  is  bent  to  have  two  slight  slopes 
like  a  roof,  and  is  placed  with  its  angle  fitting  upon  the  top  edge  of 
the  glass.  This  angle  may  be  bent  up  into  a  narrow  fold,  v,  which  will 
pinch  firmly  upon  the  glass.  The  roof  may  be  very  narrow,  and  good 
results  are  obtained  when  it  is  entirely  omitted.  Its  outer  margin 
should  bend  suddenly  downward.  The  stake  should  straddle  the  glass 
to  near  the  top  thereof.  The  lateral  halves  of  the  stake  thus  form  wings 
or  flanges  projecting  at  right  angles  from  the  glass.  These  may  be 
made  wider  or  with  an  edge  projecting  toward  the  light  from  the  outer 
margins  of  each.  Such  a  recurved  flange  is  easily  formed  by  tacking 
a  strip  of  sheet  metal  upon  the  side  of  the  stake.  The  projecting  parts 
of  the  sides  and  the  roof  have  a  specific  function,  since  the  lantern  is 
placed  opposite  a  lower  corner  of  the  glaaa  and  the  insects,  attracted  by 
it  or  by  bait  placed  l^ow,  approacli  by  a  more  or  less  circuitous  course 
to  strike  against  the  gla^JB.  If  the  insect  strike  with  but  little  force  it 
flutters  on  the  gloss  while  sliding  downward  to  fall  into  the  other  catch- 
ing-devices below.  But  when  the  iuaect  strikes  the  plate  swiftly  or  at 
an  angle  it  will  be  deflected  ofl'.  The  insect  is  obser\-e(l  habitually  to 
move  upward  or  hori7.ontally  as  a  rule  on  neariug  the  light  and  the 
plate,  hence  if  it  fly  or  glance  suddenly  off  horizontally,  the  lateral 
wings  catch  it,  or  if  it  dart  upward  it  strikes  the  roof,  so  that  in  either 
case  it  is  precipitated  downward  into  the  deviiMjs  beneath.  The  lower 
edge  of  the  glass  forms  a  septQm  through  the  long,  wide,  slot-shaped 
opening  of  the  bottom  of  a  trough-shaped  hopper,  j'>,  which  has  flaring 
sides  so  that  moths  descending  from  either  aide  of  the  i>ane  shall  fall 
through  it.  The  end  of  this  hopper  is  supported  upon  the  stake  in 
notches,  x,  or  otherwise.  A  large  net,  n  tn,  of  foundation  lace  or  other 
fine  netting  has  its  mouth  attiiched  to  the  upper  margins  of  the  trough, 
which  forms  a  narrowing  entrance  passage,  projecting  into  the  net. 
■The  top  of  the  net  ia  preferably  held  wide  and  upward,  at  nn,  so  that 
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the  light,  If  shall  illaniine  these  regions,  causing  the  insects  TV'hich  have 
entered  to  seek  exit  at  these  places  where  uo  outlet  is  to  be  found. 
Carved  metal  strips,  nj,  serve  best  to  hold  the  net  expanded  in  upward 
and  lateral  directions.  From  the  insects  caught  the  injarious  ones 
shoald  be  selected  and  crushed  in  the  folds  of  the  net  or  otherwise 
killed,  while  the  beneficial  insects  are  set  free  throijgh  a  large  opening, 
z,  iu  the  base  of  the  net.  An  easy  way  to  keep  this  opening  closed  is 
to  packer  it  together  and  lay  a  brick  or  chuuk,  z,  upon  it,  or  tic  it  to- 
gether. 

This  device,  constmcted  and  tested  some  years  since,  was  iuteuded 
to  overcome  such  objections  as  have  already  been  made  to  light  traps, 
or  in  former  pages,  and  also  for  the  use  of  naturalists  in  colIectiDg  in- 
sects for  their  cabinets. 

The  indiscriminate  killing  of  insects  is  certainly  very  unscientific  and 
not  to  be  recommended,  yet  where  parties  wish  to  adopt  this  abandoned 
practice  to  avoid  the  trouble  of  selecting  the  good  from  the  bad,  in 
which  they  often  work  against  their  own  interests,  a  trough  of  destruc- 
tive substance  may  be  placed  beneath  the  bottomless  inlet,  the  end  of 
the  trough  resting  on  the  cleat,  c.  In  case  it  is  for  drowning  the  in- 
sects, the  trough  should  bear  a  projecting  ledge  a  short  space  above  the 
liquid,  as  in  the  bait  traps  to  be  noticed  farther  on.  Such  a  trough 
supplied  with  attractive  bait  may  be  used  as  a  bait  trap  apart  from  or 
in  oombiuation  with  the  glass,  which  it  still  a  valuable  aosiliary  to  it. 

But  when  bait  is  used  it  is  preferable  that  the  insects  be  not  mixed 
ID  the  bait  and  drowned  thereby.  It  is  better  to  use  a  shallow  trough 
with  faring  sides,  or  merely  substitute  for  it  a  board  on  which  the  bait 
may  bo  spread.  Then  the  insects  feed  without  drowning.  In  seeking 
the  food  they  crawl  down  throngh  the  slot-shaped  opening  of  the  bot- 
tom of  the  trough -shu[ieil  hopper,  towan.1  the  bait  below  it.  Therefrom, 
instead  of  trying  to  escape  through  the  hopper-alot,  they  fly  ofi'  into 
the  larger  space  tiurronuded  by  the  net,  and  are  thereafter  to  be  selectetl 
and  freed  or  killed. 

I  And  the  cotton  moth  is  extravagantly  fond  of  juicy  canned  peaches, 
and  believe  these  are  the  best  and  most  convenient  bait  for  ail  seasons 
of  the  year,  thongh  any  other  sweet,  sncenlent  fruits  may  be  employed 
iu  their  season.  Where  divers  xpecies  of  insects  are  sought  several 
kinds  of  bait  may  Ire  inserted  at  once. 

S(t(/i'«  Cotton- Motk  Exterminator  (Plate  LXI,  Fig.  3). — "This  exter- 
minator is  of  the  class  which  lures  to  self-destruction  the  mother  moth 
«n  her  first  flight  to  deposit  the  worm-prodncing  egg,  and  its  essential 
peculiarities  are  {1}  a  day  and  night  attractorlautern,  and  (3)  such  em- 
baying of  the  lantern  side  that  the  approaching  moth  falls  a  more  cer- 
tain prey  into  the  usual  trap-basin  below. 

"  Id  tlie  cat  A  and  A  are  aides  of  the  attraotor-lanteni ;  tbese  sideff  ore  of  opal  glas«, 
wlucb  hj  day  is  brilliant  white  and  in  twilight  or  by  night,  lighted  by  a  lamp  withic, 
la  matt  attractively  Iu  mi  nooe;  each  pane  of  the  lantern  is  flanked  by  an  ODt-r«acluDg 
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cfttth-ivlng,  B,  Against  wbicli.or  againat  n  lantern  face  itself,  one  or  the  alLrr.ft* 
moth,  ntl.rncteil  by  tbe  lanti^m  anil  tiired  as  well  bj  on  nilnrons  bait  below,  pntip 
lated  ilHKlf  nccortliOK  to  its  babit  of  flymg  to  or  of  {lasfing  close  alougiidt  of  i  bri; 
liant  object;  a  caver,  C,  projecting  wullover  all,  prevents  ujiwanl  eiicape uvrn if cIb- 
itIhs  possiblu  to  its  uow  violently  arreateil  fligbt,  and  all  belon  lies  a  Inp-bnm. D. 
charged  to  a  suitable  ilepth  with  tbe  common  enticing  bait,  auil  effectoal  dnth  btU 
as  well,  of  8wc«ten«d  water  and  vinegar,  ])oiaone<l  witb  cobalt.  Centnll;'  npbNi 
the  basiu's  bottom  rises  a  conical  socket  to  cap  seen  rely  on  to  a  stake  so  plaited  GiCi}^ 
atielil  as  to  bold  the  exterminator  jitgt  sightable  above  the  general  surface  ot  the  ns; 
foliage. 

"  The  opal  panes  may  be  sdvautageoiisly  tingi:d  wiih  a  trace  of  pinli,tobett»iii]ii- 
lat«  the  color  of  the  young  cotton  bloom ;  the  catch- wings,  the  under  aide  of  the  c*m. 
and  the  inside  of  the  basin  are  to  l>e  of  cotton- leaf  green,  aD<i  all  otber  viaible  patnt 
qniet  eartb  color;  the  luiitertis  are  to  beorsnch  size  and  so  disposed  tlut  arc  mitb' 
readily  aigbted  and  songht  from  any  direction  within  tbe  field  or  approachiog  it.  TW 
extermiuator  is  to  i-emain  baited  and  posted  day  and  uigbt,  tbe  lamp  lobe  li;blF<! 
as  quietly  as  possible  before  twiligbt,  and  charged  to  surely  bum  tbe  whale  nii^ 
througb ;  its  use  to  begin  liefore  the  first  itioth  of  tbe  season  may  be  tetSDDal>1yci 
pected,  and  to  coDtinne  till  the  lnst-l>elated  straggler  is  surely  gone.  Opmii'W' 
however  thorough,  confined  to  a  limited  area,  unless  absolotely  serlnded,  can  pn 
only  pifctial  relief. 

"To  secure  specimens  of  other  '  tly-by-ulKhta,'  fit  a  wire-ganze  floor  a  little  1«'" 
tho  rim  of  the  biisiti,  and  plnoe  beneath  it  a  sponge  saturated  witb  chlororoiDi.''  ^J- 
Stitb.)    (Dept.  of  Agr.  Report  on  Cotton  Insects,  ie?S.) 

"  The  Fiigh  Lamp. — Another  somewhat  more  complicated  contrivaist 
oftbisclasais  tLatinvenl^d  by  Mr.  Edward  D.Pugb, of  Fort  Plain,Ion 
(patent  No.  130390,  August  13,  1872).  Plate  LSI,  Fig.  5,  shows  tbit 
it  consists  of  tbo  usual  shallow  pau,  A,  wherein  is  placed  a  ri?ctaD;iiU' 
<;a8e,  B,  made  of  gla-a  and  sheet-iioa,  with  short  feet  attached  to  it; 
bottom  au(l  with  a  cover,  e.  Tlie  bottom  is  perforated  for  ventilatiM- 
and  a  lamp,  D,  is  placed  within  the  case.  So  far  there  is  uotliin^  pu 
ticular  about  this  lamp,  but  it  has,  in  addition,  an  arrangemeot  toit 
crease  its  attractiveness  to  the  moths.  Arotind  tbe  case  is  a  fraiM,* 
with  tubes,  A  b,  attached  to  the  inside  and  aperture  commnnicatiugtirh 
the  ontside.  E  rei>resent8  ii  common  long-necked  bottle  placed  wlm' 
of  tho  tubes,  b,  on  tbe  inside  of  the  case.  The  number  of  the  fnimi^i. 
and  of  the  tubes  may  vary,  but  on  each  of  them  a  bottle  is  placwl  tiw 
taining  honey  and  wax  or  other  suitable  bait  that  is  attrcWtiTf  i 
moths,  which  are  consequently  not  only  attracted  by  the  light,  bnt  l^y 
the  smell  of  the  baits,  and  arc  uither  killed  by  falling  in  the  pan  oil') 
passing  thniugli  the  apertures  into  the  bottles,  from  which  they  eannoi 
escape. 

"  The  Garrett  Lamp. — This  was  patented  by  Mr.  James  G.  G,  (iarretf.n'' 
Tort  Gibson,  Miss.  (No.  1.33023),  in  November,  1872.  The  accomiHiti.vini: 
Plate  [LS,  Fig,  1]  is  a  side  view,  partly  in  section,  of  the  same.  Tlii'V 
ter  A  represents  a  stake  driven  into  the  grouud,  with  a  plank,  B,iiailec 
to  the  upper  end.  Upon  this  point  is  placed  i*  sheet-iron  pau,  C,  al 
18  inches  wide  and  2  inches  deep.  In  the  center  of  the  pan  is  a  hi 
or  support,  D,  about  2  inches  high,  upon  which  is  set  an  ordininytii" 
tern,  B,  which  is  kept  in  place  by  boin^  secureil  to  the  edges  rfll" 
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•lanb,  B,  by  two  or  more  cords,  F.  Into  the  pan,  C,  some  coal-tar  or 
iiolasses,  or  other  soitable  material,  is  poured  ao  as  to  a  little  more  tbao 
over  the  bottom  thereof. 

'*  TAe  BinkUy  ixtmji.— Mr.  J.  N.  Binkley,  of  Colambns,  Tex.,  usee  a 
iftmp  which  Z  herewith  illaatrate  (Plate  LX,  Fig.  3).  It  is  essentially 
:he  same  as  the  foregoing,  and  consists,  like  Garrett's  lamp,  of  a  tin 
?Iate  'n-liich  may  be  rectangalar  or  round,  and  which  in  placed  on  a 
board  nailed  to  tbo  npper  end  of  a  stake  or  pole.  A  lantern  of  the 
Torm  sfaown  in  the  fignre  is  soldered  to  the  center  of  the  plate,  the  cover 
of  which  lantern  has  opening  to  aid  ventilation,  and  may,  when  neces- 
«ary,  he  removed.  A  common  kerosene  lamp,  with  or  withoat chimney, 
is  placed  in  the  lautcm,  and  the  pan  is  half  filled  with  water  and  a 
little  kerosene  on  top,  or  with  soap-snds  or  molasses,  Ac." 
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HraTOBT  OF  THE  I.ITEBAIUBE. 

CoDceming  the  ravages  of  the  cbeDille  id  the  West  Indies  daring  tlie 
last  ceutary,  we  find  menlion  in  several  books  of  travel.  Daniel  Mc- 
Kinuen  (18(@)  gives  an  accoaot  of  the  appomtment  of  a  commiBsion  by 
the  general  assembly  of  the  Bahamas  in  1801  to  investigate  the  causes 
of  failnre  of  the  cotton  crop.  Bryan  Edwardu  (1805)  mentions  the  great 
damage  done  in  the  islands  by  the  chenille  in  1788  and  1794.  Dr.  Cbis- 
holm  (1830) '  treats  at  length  of  the  chenille  as  observed  by  bim  in  Bridph 
Guiana  in  1801-'02.  George  B.  Porter  (1833),  in  speaking  of  cotton  cnlt- 
nre  in  Oniana,  copies  mnch  of  this  last-named  article,  as  also  does  Dr. 
Andrew  Ure  (1836). 

With  regard  to  the  early  appearances  in  the  United  States,  we  have 
been  able  to  find  dti  contemporaneoas  accounts  of  any  value.  Nothing 
worthy  of  mention  seems  to  have  been  written  until  after  the  great 
caterpillar  year  of  1825.  Perhaps  previous  to  this  year,  perhaps  later, 
a  memoir  upon  cotton  was  writteu  by  Thomas  Spalding,  of  Georgia,  a 
well-kuown  agricultural  and  historical  writer,  in  which  the  chenille  must  - 
have  been  treated  at  some  length.  We  have  been  unable  to  find  that 
the  memoir  was  ever  published.  It  was  transmitted  in  manascript  to 
Ure  and  was  extensively  quoted  by  that  author.  It  was  also  freely  used 
by  Hon.  W.  E.  Seabrook  (1844),  of  whose  treatise  we  shall  speak  later. 

In  January,  1827,  Dr.  C.  W.  Capers,  of  Georgia,  sent  specimens  of  the 
parent  moth  to  Thomas  Say,  father  of  descriptive  entomology  in  North 
America.  They  reached  the  latter  iu  November  of  the  same  year,  and 
in  May,  1828,  his  answer  to  Dr.  Capers'  letter,  describing  the  moth  as 
Noctua  xylina,  was  pnblished  in  the  Southern  Agrioulturut  (see  Gapers, 
1828),  accompanied  by  brief  popular  descriptions  of  the  egg,  larva, 
and  pupa,  and  also  by  an  accoant  of  the  ravages  of  the  worm  from  1 800 
to  1827,  by  Dr.  Capers  himself.  The  description,  with  the  accompany- 
ing correspondence,  was  published  by  Say  in  the  New  Harmony  Dia- 
»e»itnatorinl830,  and  was  afterwards  reprinted  by  Fitch  (1857),  and  may 
be  found  in  Say's  collected  writings  (Leoonte's  edition,  I,  369).  This 
article  of  Dr.  Gapers'  was  the  first  scientiflo  effort  upon  the  Cotton  Worm, 

'  Th«  full  titleB  of  these  worhe  and  all   othera  c1eeigDkt«<l  simply  by  anthon  md  ' 
dale  caD  be  foand  by  teferenoe  to  tlie  bibliogTapbical  liat. 
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and  exulted  a  temporary  interest  in  the  subject.  It  was  followed  by  8cv- 
eral  animportaut  articles  in  the  Southera  Agriculturigt  and  other  south- 
ern periodicals  during  1829 ;  but  the  interest  apparently  soon  died  ont, 
and  there  waB  a  dearth  of  items  for  a  number  of  years — a  fact  which  is 
partially  explicable  ou  the  ground  that  the  worms  were  at  no  time  re- 
markably numerous  between  1825  and  1846.  Tbe  one  noticeable  article 
dnriug  this  period  is  that  of  Hon.  Whiteniarsh  E.  Seabrook  (1844),  who 
devotes  three  pages  ot  bis  memoir  upon  cottou  to  the  consideration  of 
tbe  caterpillar,  its  history,  and  the  means  employed  against  it.  This  ac- 
count, though  short,  is  accurate  and  valuable  and  has  been  much  quoted. 

As  one  would  naturally  expect,  the  year  1846  brought  forth  a  great 
number  of  articles  good  aiul  bad.  Theflr^t  among  these  to  be  mentioned 
is  the  letter  written  by  Thomas  Affleck  to  the  American  AgriculturMt 
in  August,  1846,  from  which  we  have  already  quoted  in  Chapter  III, 
describing  the  devastation  in  Mississippi  and  giving  an  accouut  of  the 
past  history  together  with  some  facts  in  the  natural  history  of  tbe  insect. 
The  most  interesting  point  about  this  letter  \S,  however,  the  fact  that  it 
contains  in  the  following  words  the  first  bint  of  the  migration  theory, 
which  has  since  oocnpied  so  much  attentiou  among  writers  on  the  Cot- 
ton Worm  :  "  But  whether  we  at  all  times  receive  our  supply  from  this 
source"  [hibernation]  "or  whether  (whivh  I  think  is^iuite  as  probable) 
they  are  not  unfrequently  brought  on  a  gale  of  wind  from  the  West 
Indiea,  Mexico,  or  tbe  coast  of  Guiana,  will  be  difficult  to  decide." 

From  1846  to  1852  followed  qqite  a  stream  of  articles  in  the  Southern 
Cultivator,  De  Bote's  Review,  American  Cotton  Planter,  and  other  promi- 
nent periodicals ;  but  veiy  lew  were  of  any  ]>erniaueut  value.  During 
the  fall  and  winter  of  1846-'47,  Dr.  D.  B.  Gorham,  of  Bayou  Sara,  La., 
made  observations  which  led  to  an  article  in  De  lioir'a  Review  (Gorham, 
1847),  in  which  tbe  migration  theory  is  quite  extensively  elaborated. 
The  idea  was  an  original  one  with  Dr.  Gorham,  and  he  arrived  at  it  from 
tbe  observation  that  all  tbe  late  fall  pupfe  that  he  collected  were  para- 
sitised.  Hence,  arguing  a  total  destruction  of  the  last  brood,  he  was 
forced  tosome  other  conclusion  than  hibernation  to  account  for  the  start- 
ing of  the  stock  the  ensuing  year.  His  views  were  plausibly  expressed, 
although  based  upon  so  erroneous  a  standpoint,  and  bis  article  excited 
much  interest  among  the  reading  planters.  The  article  will  be  of  per- 
manent interest,  however,  only  as  containing  the  first  mention  of  any 
parasite  upon  tbe  Cotton  Worm.  The  author  gives  quite  a  full  desorip- 
tion — although  he  gives  the  species  no  name — of  Fimpla  congmaitor.  It 
is  interestingto  notice  that  of  all  the  articles  which  this  announcement  of 
the  new  theory  called  forth  not  one  of  the  writers  accepted  Dr.  Gorham's 
views.  Among  the  more  prominent  of  these  papers  may  Ite  mentioned 
the  editorial  by  William  Jones  in  the  Southern  Cvltivafor  (Jones,  1847), 
and  the  article  by  P.  Winftee  in  De  Bow's  Review  of  tbe  same  year.  The 
latter  writer  was  the  first  to  mention  the  good  offices  of  ants  in  killing 
the  caterpillars. 
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In  the  fall  of  1846  Mr.  Affleck,  knowing  of  Sny'a  name  and  tlesorip- 
tion  of  the  moth,  wrote  to  Dr.  T.  W,  Harris,  the  New  Eoglaod  ento- 
mologist, sending  specimens  of  tbe  moth,  together  with  the  request  that 
he  would  redescribe  it  and  pUice  it  in  its  proper  "modern"  genus 
Harris  was  at  a  losa,  as  he  had  nothing  in  his  collection  similar  to  it,  and 
BO  lie  forwarded  thespecimeua  to  Edward  Donbleday,  a  celebrated  Eng- 
lish lepidopterist.  Donbleda;  showed  the  specimens  to  the  London 
Entomological  Society,  and  answered  Harris  that  the  species  would  fit 
in  uo  modern  genus,  bat  that  it  came  nearest  to  Opitiuaa.  This  opinion 
Harris  transmitted  to  Affleck  as  his  own.  The  whole  correspondence 
forms  rather  an  interesting  chapter  in  the  history  of  the  Cotton  Worm. 
Affleck's  original  letter  to  Harris  has  not,  so  far  as  we  can  find,  been 
pablished ;  but  the  gist  of  the  lattei's  final  reply  can  be  found  in  an  ex- 
cellent article  in  Affleck's  Southern  Eural  Almanac  for  1831,  in  which  tbe 
moth  is  designated  as  Ophiuta  [Noctua)  xytina.  Harris's  letter  loDonble- 
day  and  the  latter's  reply  will  be  found  in  Harris'  Entomological  Cor- 
respondence, Boston,  18C9,aDdI)oubleday's  remarks  upon  the  specimens 
before  tbe  Loodon  Entomological  Society  are  to  be  found  in  the  Pro* 
ceediuga  of  that  society  for  1848. 

Mr.  Affleck's  article,  though  short,  is  an  excellent  one.  In  bia  1848 
article  he  had  advocated  the  hibernation  of  the  pupx,  but  this  he  now 
rejected,  and,  from  actual  observation,  published  the  fact  that  the  moth 
hibernates.  He  also,  in  the  1851  article,  gives  tbe  first  figure  ever  pub- 
lished of  a  parasite  of  the  Cotton  Worm — probably  Pimpla  conquisitor. 

In  1854  two  pai>ers  of  a  certain  de'gree  of  interest  were  pablished. 
B.  C.  L.  Wailes,  in  his  1854  report  on  the  Agriculture  and  Geology  of 
Mississippi,  article  Cotton,  devoted  a  short  space  to  the  consideration 
of  the  caterpillar,  and  accompanied  it  by  a  colored  plate  illustrating  tha 
different  stages.  The  principal  interest  of  the  paper  arises  from  the  ca- 
rious mistake  which  ilr,  Wailes  made  in  the  scientific  name  of  the  moth. 
He  calls  it  Depretsaria  gossypioides. '  This  name  he  mnst  have  gotten 
from  seeing  somewhere  an  account  of  the  East  Indian  Cotton  Boll-worm, 
the  Depregmria  gosajipiella  of  Saunders.  Still  the  habits  of  this  insect 
are  so  different  from  those  of  oar  Cotton  Worm  that  is  very  difficult  to 
see  how  be  conld  suppose  them  identical.  As  for  the  remainder  of  tJie 
article  there  is  nothing  in  it  that  is  not  twenty  years  behind  its  time. 

Tbe  other  1854  article  which  we  would  mention  was  pablished  by 
Dr.  W.  I.  Burnett  in  the  Proieediugs  of  the  Boston  Society  of  Natural 
History.  Here  again,  for  tbe  third  time,  was  put  forth  the  migration 
theory.  Whether  it  was  his  own  idea  or  whether  he  picked  it  np  among 
the  planters  of  South  Carolina  and  Georgia,  wbither  he  went  for  a  num- 
ber of  winters  for  his  health,  is  difiBcult  to  say,  but  the  latter  is  more 
probable.  The  whole  paper  seems  to  have  been  written  mainly  from 
hearsay,  and  contaius  a  number  of  mistakes  which  Dr.  Buraett  would 
hardly  have  made  from  his  own  observations. 
In  the  aatumn  of  1853  or  1854  Mr.  Towuend  Giover  went  South  to 
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stady  cottou  iueects  un<l«r  tbe  auspices  of  the  AgricultarnI  Bureau. 
Hia  report  on  the  caterpillar,  vrhicli  he  treats  under  the  Dame  of  J!fo«- 
Utaxylina,  and  which  was  published  iu  the  Agriculturul  Keport  of  the 
Patent  Office  for  1855,  was  the  most  accurate  yet  published,  and 
fttrmed  the  hasis  of  most  of  the  articles  on  this  subject  for  the  next 
fifteen  years.  It  was,  in  fact,  ihe  first  article  writteu  by  a  professed  en- 
totnologist.  The  paper  is  accompanied  by  good  figures  of  all  states  of 
the  insect.  It  gives  popular  descriptions  of  the  egg,  larva,  pupa  and 
adalf.,  and  quotes  from  correspondents  of  the  Bureau  many  interest- 
ing facts  respecting  the  appearances  from  year  to  year.  Parts  of  Dr. 
Gapers'  article  are  also  quoted.  The  remedies  given  are  lights,  fires, 
and  poisoned  sweets. 

Nothing  original  appeared  now  for  a  number  of  years.  Glover's  ar- 
ticle was  copied  many  times.  J.  A.  Tnrner,  howcveri  in  bis  Cotton  Plant- 
er's Uannal,  New  York,  1857,  by  way  of  variety,  quotei  Dr.  Oorham  quite 
ftally.  In  1864  Mr.  A.  B.  Grote  annoanced,  in  a  paper  entitled  "  Notes 
on  certain  species  of  North  American  Lepidoptera,"  in  the  Proceedings 
of  the  Entomological  Society  of  Philadelphia,  Vol.  Ill,  the  identity  of 
S9>y*s  Noctua  xylina  and  Guen^e's  Anomis  bipunctina.  Xyliiui  being  the 
first  published,  the  specific  name  bipunctina  was  dropped,  while  the  new 
generic  name  Anomia  was  retained,  forming  the  combination  Anomit 
xylina  by  which  the  species  was  known  for  some  ten  years. 

With  the  close  of  the  war  and  the  beginning  of  the  subsequent  disas- 
troas  chain  of  caterpillar  years,  communications  upon  the  tlolton  Worm 
in  the  Agricnltural  Reports  and  in  the  various  agricultural  periodicals 
became  much  more  numerous  than  they  had  been  before.  Both  tbe 
annual  and  the  monthly  reports  of  the  Department  contained  much  by 
Glover  that  was  of  value.  So,  too,  the  letters  of  G.  W.  Morse  and  J.  M. 
Ferguson  were  iDteresting  and  well  worthy  of  attention.  Both  these 
letters,  published  in  the  Monthly  Reports  for  1867,  advised  the  hand 
picking  of  the  early  brood,  on  tbe  ground  that  it  appeared  in  limited 
localities,  and  in  small  numbers.  In  the  same  volume  O.  H.  Hempstead 
detailed  very  successful  experiments  in  killing  tbe  moths  with  a  home- 
made trap- lantern. 

In  1868  Walsh  and  Biley  commenced  the  pnblication  of  the  American 
Bntomohffiet,  the  first  volume  of  which  contained  several  interesting 
articles  on  the  Cottou  Worm. 

The  Southern  CultiDator  for  1869,  '70  and  '71  C9ntained  several  papers 
of  value  upon  this  subject,  most  of  them  fi-om  the  pen  of  the  editor, 
Mr.  William  Jones ;  and  the  Rural  Carolinian,  commencing  publication 
in  1869,  contained,  la  the  next  few  years,  many  good  articles,  Dona  of 
them,  however,  of  striking  originality.  First  among  these  we  may  men- 
tion a  lecture  delivered  before  the  Farmers'  Club  of  Woodville,  Miss., 
by  Dr.  D.  L.  Phares,  in  May,  1869,  and  published  in  the  Carolinian  for 
Angost,  1870.  The  article  is  accompanied  by  a  full-page  lithograph,  not 
very  true  to  nature,  of  the  worms  at  work,  and  contains  a  good  r^sumA 
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Vwiftl^ed  from  month  "to 
of  tbe  history.  In  1871  tbe  same  periodical  Pi^^J:  tain  points  in  the 
month  rather  a  sharp  controversy  on  the  unbject  o^^*  ,  -^^  q  r, 

natural  history  of  the  worm,  between  Dr.  E.  H.  ^M^  ' 

Dodge,  and  Mr.  A.  E.  Grote.  ^^g  item  in  the 

The  Carolma^  Farmer  for  1869  contained  an  JnterestrWs,  j^^  (^ 

shape  of  an  account  of  a  mass  meeting  of  planters  at  t^P^|L^  ^q  unite  in 
discuss  the  Cotton  Worm,  at  which  roeetiug  it  was  decid^KT 
the  mahin};  of  fires  to  destroy  the  moths.  ^^lolosist  of 

In  1870  was  published  our  second  report  as  State  ^°to^K^j^^^Qg 
Missouri,  which  contained  a  short  article  on  the  Cotton  Worm,  <^|LteDsiTe 
some  previous  mistakes,  and  giving  facts  gathered  from  an  ey^f 
correspondence  with  Thomas  Affleclc  and  other  prominent  plant9 

In  August,  1873,  there  appeared  an  editorial  in  tbe  Mobile  1 
(Aagust  18, 1872),  on  theCotton  Caterpillar,  which  contained,  as  far^ 
we  can  find,  the  first  published  mention  of  the  fact  that  Paris  greev 
was  being  used  aa  a  remedy.*'  This  article  was  mnch  copietl  by  the  agri- 
caltural  press,  and  may  be  fonnd  in  the  Carolina  Farmerfoi  September, 
1872,  and  in  the  Southern  Farm  and  Home  for  October  of  tbe  SJUie  year. 

In  June,  1873,  the  Tllustrated  Journal  of  Agriculture  (St.  Louis)  con- 
tained an  abstract  of  certain  remarks  on  the  subject  of  Paris  green  made 
by  us  before  the  xsational  Agricultural  Congress,  meeting  at  Indian- 
apolis. This  article  was  at  once  copied  by  nearly  all  the  prominent  peri- 
odicals South,  and  furoisbed  the  text  for  many  articles  by  other  writers. 
Among  these -we  may  mendon  the  "Essay  on  the  best  Mode  of  asinf; 
Paris  Green  for  the  Destruction  of  the  Cotton  Worm"  by  an  "Alabama 
Planter"  {C.  F.  Prout,  of  Demopolis,  Ala.). 

In  the  fall  of  this  year  the  Department  of  Agriculture  sent  out  cir- 
culars asking  the  opinions  of  planters  on  the  Paris  green  question,  and 
in  the  Annual  Report  for  1873  tbe  answers  were  compiled,  giving  a  very 
general  verdict  iu  favor  of  the  poison. 

The  interest  in  the  subject  fast  increased  after  this  year,  and  the 
number  of  newspai>er  articles  iucreHsed  in  proportion.  In  1874,  a  prize 
offered  by  certain  citizens  of  Selnta,  Ala.,  for  the  best  essay  on  "  Prac- 
tical Modes  of  de«tr«yiii{r  tho  Cotton  Worm,"  was  awarded  to  J.  D. 
Hoyt,  of  that  city,  and  the  essay  was  printed  in  pamphlet  form.  In 
the  essay  are  discussed  Parts  green,  arscnious  acid,  fires,  lantern-traps, 
and  the  plan  of  knocking  the  worms  from  the  plants. 

In  March,  1874,  our  Sixth  Eeport  on  the  Insectsof  Missouri  appeared, 
containing  a  7-page  article  on  tho  Cotton  Worm,  devoted  principally  to 
the  consideration  of  Paris  gieen  as  a  remedy.  There  is  also  a  discussion 
as  to  the  hibernation  of  the  insect,  and  as  to  its  northern  range.  In  this 
article  we  reiterated  our  belief  iu  the  hibernation  of  the  moths  and  sug- 
gested the  probability  of  a  northern  fuod-plant  other  than  cotton. 

In  the  Monthly  Report  of  the  Department  for  February  and  March, 
1874,  p.  125,  the  views  of  the  entomologist  (Mr.  Glover)  are  stated  on 
the  question  of  hiberaatiou.    His  theory  was  "  that  in  the  more  north- 
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era  portion  of  tbe  cotton-belt  the  fmata  of  winter  destroy  the  insect  in 
all  its  stages,  unless  in  situations  of  onaBoal  protection,  bnt  that  in  the 
more  southern  portion,  where  severe  frosts  rarely  occar,  they  survive 
the  risks  of  winter."  This  theory  of  Glover's  (given  by  the  editor  of 
the  Beport,  Mr.  J.  B.  Dodge)  was  nntenable  so  far  as  it  included  tbe 
earlier  states  of  the  insect,  but  bo  far  as  it  refers  to  the  moth  it  antici- 
pated the  tnie  state  of  things,  as  we  have  proved  in  this  investigation. 

Barly  in  1874,  Mr.  Grote,  in  his  "  List  of  the  Koctuida^  of  North  Amer- 
ica," auDoanced  his  belief  that  the  Cotton  Worm  Moth  hitherto  called 
Anomis  xylina,  is  identical  with  the  previonaly  described  Aletia  argil- 
idoea  of  Hiibner.  This  vien-  was  accepted  on  hia  authority  by  most 
subsequent  writers,  and  in  the  first  edition  of  this  work  we  treated  of 
tbe  species  by  tbe  latter  name. 

At  the  Hartford  meeting  of  the  American  Association  fortfae  Ad- 
vancement of  Science,  tlie  same  year,  Mr.  Grote  read  quite  a  lengthy 
paper  entitled  "  The  Cotton  Worm  of  the  Sontbem  States  {Aletia  argil- 
tocm  Hiibner.)"  Inthisis  |iutforth(asonginal),forthe  fourth  time  in  lit- 
tle more  than  a  quarterof  a  century,  the  familiar  migration  theory.  Yet 
it  is  approached  iu  a  more  careful  manner,  and  the  arguments  advanced 
in  its  support  are  ingenious,  and  would  have  had  much  force  had  they 
not  flowed  from  mistaken  premises.  The  paper  shows  lack  of  any  prac- 
tical knowledge  of  the  facts.  Iu  the  discussion  which  followed  its  reading 
we  disputed  its  conclusions  on  hibernation,  and  the  autltor  has  added  a 
paragraph  to  the  paper,  as  printed  in  the  Proceedings  of  the  Associa- 
tion, which  was  not  in  it  as  originally  read  and  published  in  the  New 
York  Tribune  extra,  and  which  embodies  the  very  point  of  our  oriti- 
cism.  Mr.  Grote,  starting  with  the  proposition  that  there  are  no  para- 
sites npon  the  Cotton  Worm,  argued  that  the  absence  of  snch  parasitic 
cheeks  can  be  easily  accounted  for  by  supposing  that  the  States  are 
not  the  natund  habitat  of  the  species,  but  that  there  is  an  influx  of  the 
moths  every  year.  Dr.  Gorham,  on  the  other  hand,  bred  many  para 
sites,  and  jet  from  this  opposing  fact  drew  the  same  conclusion,  snp- 
posing  the  last  brood  of  worms  to  be  entirely  killed  by  the  parasites, 
thus  necessitating  an  incoming  of  the  moths  the  ensuing  season  from 
some  more  southern  country. 

From  this  date  (1874)  up  to  tbe  commencement  of  tbe  official  iuvesti. 
gation  nothing  of  si>ecial  importance  appeared.  There  were  many  news- 
paper articles,  it  is  true,  but  they  were  based  on  tbe  writings  of  others. 

Early  in  1878  appeared  a  few  copies  (printed  from  stone  for  private 
distribution)  of  a  quarto  volume  of  plales  and  explanations,  by  Mr. 
Glover,  and  entitled  "  Maunscript  Notes  from  my  Journal — Cotton  and 
the  Principal  Insects,  &c.,  frequenting  or  injuring  the  Plant  in  the 
United  States."  This  is  by  far  the  most  creditable  work  on  the  Hub- 
ject  that  had  appeared  up  to  that  time,  and  the  plates  were  specially 
commended  in  the  award  of  a  gold  medal  made  to  Mr.  Glover  for  bis 
ezbibit  at  the  Paris  Exposition  of  1865. 
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The  newspaper  annouDcements  of  the  iD^eBtigation  we  began  in  1878 
were  very  uumeroas,  bat  no  article  worthy  of  cote  appeared  befors 
September,  when,  ia  the  Atlanta  ConatituHony  we  saggested  a  proba- 
bility, which  we  soon  afterwards  proved  to  he  a  fact,  that  the  moths 
feed  upon  the  nectar  secreted  by  the  foliar  glands  of  the  cotton  plunt. 

Baring  1878  and  1879  the  literature  is  confined  principally  to  the 
goings  and  comings  and  work  of  the  agents  of  the  Department  of  Agri- 
cnltore  and  of  the  Entomological  Commission.  In  May,  1870,  how- 
ever, we  read  a  paper  on  "  The  Migrations  and  Hibernation  of  Aletia 
argillaeea"  before  thelTational  Academy  of  Sciences,  in  which  we  gave 
the  proof  which  had  been  collected  in  favor  of  the  hibernation  of  the 
moths.  Abstracts  of  this  paper  were  poblished  in  Seience  Sctea  for 
June  1,  in  the  Soientijle  American  of  Jane  14,  and  elsewhere. 

In  Aagnst  of  the  same  year,  we  also  read  a  paper  before  the  American 
Association  for  the  Advancement  of  Science,  entitled  '*The  Cotton 
Worm  in  the  United  States,"  and  devoted  principally  to  disproving  the 
migration  theory  as  put  forth  by  Grote,  and  also  announcing  some  of  the 
iiecent  discoveries  resulting  fh)m  the  investigation.  In  addition  to 
these  two  papers,  we  had,  in  July,  delivered  a  lecture  on  the  Cotton 
Worm  before  the  Mobile  Cotton  Exchange,  which  was  published  in  the 
Mobile  Begiater  for  Jnly  9,  and  afterwards  extensively  copied  throughont 
the  Sonth.  In  this  paper  will  be  fbund  the  first  published  snggestion 
of  the  great  influence  which  parasites  and  other  innect  enemies  of  Ale- 
tia exercise  on  the  appearance  of  the  worms  upon  low  gronnds,  and  the 
part  they  play  in  the  well-known  abnndanee  of  the  worms  daring  wet 
■as  compared  with  dry  weather. 

In  January,  1880,  was  recommenced  the  pablication  of  the  American 
£lHtomologiatf  after  a  lapse  of  nine  years,  and  the  volume  for  that  year 
"(Vol.  Ill)  contains  much  information  open  Aletia  and  other  cotton  in- 
jects, derived  from  oar  own  observations  and  those  of  our  assistants. 
-  January  28  appeared,  fh>m  the  Interior  Department,  Bulletin  3, 
United  States  Entomological  Commission,  by  C.  V.Biley,  entitled  "The 
<jOtton  Worm :  Summary  of  its  Natural  History,  with  an  Account  of 
its  Enemies,  and  the  best  Means  of  controlling  it;  being  a  Bejiort  of 
Progress  of  the  Work  of  the  Commission."  This  is  a  pamphlet  of  one 
hundred  and  forty-four  pages,  with  one  colored  plate  and  some  eighty- 
four  woodcuts.  It  was  the  most  complete  treatise  which  had  been  pub- 
lished up  to  that  date,  and  it  contained  much  new  matter.  Over  sixty 
pages  are  devoted  to  a  consideration  of  remedies. 

la  May,  1880,  a  few  unbound  and  incomplete  copies  of  a  more  elab- 
orate volume  on  the  same  subject,  by  the  Department  of  Agriculture, 
were  sent  to  some  members  of  Cougress.  It  is  called  "  Report  npon 
Cotton  Insects,"  and  the  first  two  hundred  and  eighty-four  i>age8  are 
devoted  to  an  account  of  Aletia.  The  work  was  not  completed  or  dis- 
tributed until  the  following  August.  This  volume  is  published  under 
the  name  of  J.  H.  Comstock,  though  it  realty  consists  of  the  first  year's 
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vorfc  in  the  investigatioik  condacted  by  ns,  as  tben  Entomologist  of 
thA  Department,  together  with  the  results  of  Mr.  Trelease's  observa- 
tions during  the  sommer  of  1879.  Au  interesting  and  unique  feature 
of  theTolnme  is  Mr.  Trelease's  chapter  on  Nectar  and  its  Uses,  wliiuhis 
treated  vith  special  reference  to  the  signiflcance  of  the  ektra-floral  nee- 
tar  glands  of  the  cotton  plant 

In  September,  1880,  tbe  New  Orleans  Democrat  published  a  Jong  letter 
OD  the  Cotton  Worm  Irom  ns,  giving  some  of  the  lat^r  results  of  the 
investigation,  under  the  following  sub-heads :  Principles  eatabUahed; 
Tke  BeatPoiaont;  London  Purple ;  Psretkntm;  Oils;  Improved  AppH- 
ancea;  Poiaoning  from  Below;  Early  Poitoningi  Weather — Conciuaio», 

We  refer  to  the  bibliography  for  a  number  of  later  newspaiwr  arti- 
cles, and  will  only  coll  attention,  in  conctnsion,  to  the  article  by  J.  P. 
Stelle,  in  the  Mobile  Eegiater,  July,  1881,  entitlc<l  "Rilling  Cotton 
Worms,"  in  which  the  writer  discusses- Our  ffaftpe  Plants,  Pgrethrvm, 
London  Purple,  Paria  Orr-en,  Araenic;  and  to  tbe  lecture  delivered  by 
us  before  the  Convention  of  Cotton  Planters  at  the  Atlanta  Exposition, 
November  4, 1881.  It  was  published  in  full  in  the  Atlanta  Constitution 
for  STovember  0,  and  also  in  a  pamphlet  issued  by  the  Department  of  Ag-  - 
ricaltnre,  entitled  "Address  of  Hon.  Q«o.  B.  Loring,  Commissioner  of 
Agriculture,  and  other  Proceedings  of  the  Cotton  Convention  held  in 
Atlanta,  Ga.,  November  2, 1881."  The  lecture  was  devoted  to  a  review 
of  the  natural  history  of  Aletia,  but  principally  to  a  discussion  of  im- 
proved appliances  for  its  destruction.  It  was  also  republished  in  the 
Annual  Report  of  the  Department  of  Agriculture  for  1881-'8ii,  pp.  152- 
157. 

During  the  years  1879, 1880,  and  1881,  the  Oalveston  Tfevg,  the  Selma 
TimeSf  the  Mobile  Segitter,  and  the  Atlanta  Constitution  have  all  con- 
tained many  interesting  items  and  communications  upon  cotton  insects, 
as  will  appear  from  the  following  bibliography,  which,  while  not  includ- 
ing al)  the  titles  of  fugitive  articles,  will  be  found  to  contain  all  the 
more  important  references,  as  we  have  carefully  preserved  all  snch  writ- 
ings on  tbe  subject  daring  the  past  decade. 

SIBLIOOBAPHT  DP  TO  AKD  mCLTTDINO  TBK  TEAS  1881. 

AoksT-  nnd  Gartenban-ZeltuiiK  (Modiaoa,  Wis.). — "  Vertilgunf;  der   Baiimnotl- 
ranpe,"    September,  1880. 

[Quote*  latgely  fram  Balletln  S,  United  SUtM  KutomoloEloal  CamniiuioD,  caocenilDg  Ihm 
■ue  ot  LoDdon  Pnrpls  utd  Pyntlinim.} 
Affleck,  Thoi.— "The  UaUrpillar."    Kew  OrleftDs  Commercial  TimeB,  September, 
7,  1646. 

[Tbs  Cottsn  Warm.] 
ASack,  ThoB. — "The  Cot^ton  Worm  or  Moth;  ita  effects  upon  the  Crop."    New  Or- 

leuna  Commorciftl  Times,  September  8, 1B46. 
AfflttOk,  Tboa. — "Cotton  Worm;  the  larr*  of  A'oofwizyUHl."    New  Orleona  Commer- 
ci»l  Timee,  September  99,  1B46. 
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AMeolc,  TboB.— "Destruction  of  tbo  Cottoo  Crop  by  Insects."  Ameiican  Agriciuc 
□rist,  V,  p.  341,  SRpteinbor,  1B46. 

[A  abort  btilorioal  acconnC  of  the  Cotton  Woim,  -with  ■  daMrlptioD  of  the  state  ol  aflktra 
In  MlulaalppI  In  Ansnat,  1840,  Bnd  rcmorka  npon  the  nstninl  1)18(017  of  Uib  inaBct,  Id  thia 
article  Mr  Affleok  Brat  formnlatfla  the  mlgratlan  theocf.] 

Affleck,  ThoB.—"  The  ColtoQ  Motb— OpJiiMa  r  (Koctua)  xglina."  Affleck's  SonlL- 
era  Rural  AlmaDac  and  Plautation  aad  Oardeu  Calendar  for  IciiJl  (pabliabed 
at  tbn  uEBcu  of  tlie  Picayune,  New  Orleans),  pp.  49,  50. 

[QuolCB  frgip  »  UcteT  frDm  HBirlai  glrea  argninenta  for  the  hlbenallon  of  the  moth- 
dtitcribtB  tfaA  OSS  Beantatcly;  flgarea  Larra,  ohryaalla,  and  moth,  and  alao  ftgurea  aalchneD' 
manld  p..iKiite,  in  all  prubability  Pimpla  esa^uljltar.] 
Afflecte,  Thoa. — "  Cruiiylic  acid."    Southern  BaralJat,  July,  1SG8. 

[AdvJaea  Ita  uHe  (o  liriva  tbo  CdIIod  Molli  awHy  IMm  tlM  plant.] 
Affleck,  Tboa. — "  On  the  Cutlon  Worm."   Amoricaa  Agiicaltorist,  December  (1867). 

lAdTlan  ins  nae  orCresjUc  aoap  HilatiOD.] 
Alabama  Planter  (C.  F,  Prontf). — Essay  on  the  best  mode  of  using  Paris  Green 
for  tbo  Destntetiou  of  the  Cotton  Catetpiltar.     Demopolis,  Ala.,  November,  1873. 

Allen,  H.  R.— American  Farm  and  Home  Cjclopcdiu.     ludjaaapoljs,  1881. 

[Spe*ka  of  "  CnttOD  Army  Worm  '*  and  adriaea  Paris  gnoa  and  hand-plckfng.^ 
American  Agtioulturiat,—'' Report  on  InsectH  liijurJons  to  tbeCottou  Plant."   Sep- 
teraber,  1W8. 

[Editorial  mention  of  tbe  beRiaaitiR  of  tbo  Cotlon  WaraiInve«ica>lon.J 
American  Farmer.— A  Ilandbaok  of  Agricnitnre,  &c.,  13thed.,  Carteton&no.iN.Y., 
inau. 

{UostortbornolafromTnnier:  mBkeatheaatanlBhingaulemont  that  theCotten  Hotb  k 
nine  inchet  long  nnd  Ibat  tbo  fanwitb  of  Ting  ie  the  aomej 

American  Naturallat-— "  Tbo  Cotton  or  Army  Worm  of  the  Soutb."  Vol.iv,  p.  58, 
March,  1870. 

(A  abort  account  trom  Ftoc.  Ent.  So 
Loui^ann  by  the  *'Arnij  Wonn"  — "ir< 
AndeiBon,  E.  H. — "Cotton  Caterpillars  and  their  habits."  Burol  Carolinian,  ii,  p. 
695,  IWl. 

[A  abort  revieiT  of  (be  nataral  history  of  tbe  Cotton  Worm.  withnoUceof  aloniterp^wr 
eoon  to  he  brought  ont.) 
Andereon,  E.  H. — "Mora  about  Cotton  Caterpiilara."     Btiral  Carolinian,  iii,  pp. 
204-207,  1871. 

[A  conlroToralal  ivply  to  Ur.  Oroto'fl  ctltlolam.] 
Andersim,  E.  H. — "Report  of  E.  H.  Anderson,  M.  D.,  of  Kirkwood,  Miss."     Report 
npon  Cotlon  liisccts,  Department  of  >  v'^icnlture,  1879,  pp.  3.')2-356. 
(Dr.  Anderaon'a  report  of  otwervatiOD-  .<i.d  axperlmenta  for  the  year  1978] 
Anotlier  Cotton  Planter.—"  On  tbe  Cotton  Caterpillar."    Soatbem  Aj^ricnlturist, 

p.  480,  1629; 
Amerioan  Cyclopedia.— "Cotton  Worm."    Vol,  t,  p.  419,  Itf74. 

[A  abott  article  onthepaat  biatory.  nataral  hiatory,  habtte  ol,  and  nmfdleafor,  tbe  Cotton 

AUanta  Constitution.- "  The  Cotton  Worm."    October.'),  ISTa 

(Kdltorinlnollce  of  tbo  vorkcf  the  CommlatioD  during  the  aummer  of  ISTO.) 
Atlanta  Conatitution.- "  Tbe  Cotlou  Worm  InvcHtigation."    Joly  20,  1H80. 
[Plan  of  work  of  tin  CoramlMion  for  1880.] 

Bailey,  T.  F.— American  Entomologist,  iii, p.  77, 1880. 

[A  mcro  noto  accompanying  specimens  of  theCotton  Moth  captured  Febmary  12,  an  Hock 

Bailey,  J.  P. — "  PyTethmm  on  Cabbage  and  Cotton  Worms."  Amerfean  Entomolo- 
Sist,  iii,  p.  296, 1880. 
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Baitey,  J.  F. — "  Teast  fBrmeut  for  Cotton  Womis."    American  Entomologiat,  iii, 

p.  996,  t8tW. 
Bailey,  J.  F. — "  Deslruction  of  fhiit  b;  Aletla."    American  Entomologist,  iii,  p.  S9T, 

ISeO. 
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Bsaoh,  A.  E.—" Remedy  for  tfae  Cotton  Wnrm."    Science  Record,  pp.  3T0,  nri,  IBT4. 

Bethtma^  Rsr.  C.  J.  B.— DiBonHsion  wiih  Riley,  Manu  and  Lintnei  on  Northern  oc- 
omrencea  of  AletiA. 

[SeeBeportoftheFrDceedlDgsor  tboEnlomolofclul  CI ab,  American  AnooUUou  for  tli* 
Adtincement  of  Sclenoe.  1880,  In  CuBdliiD  Entomologiat,  ill,  p.  170,  Septcmtxr.  IBSO.] 
Boyle,  J.  F. — "On  the  Cnltnre  htmI  Commerce  of  Cotton  in  India  and  elsewhere. 
London,  1651. 

[Gl*ea  nn  p.  SSS'in  lumnDtDf  the  ohrallle— if.  zvHna— made  np  ftvm  Chlsht>lin,  Uro.  uA 


Bnndt,  Iionla.— "A  HnggoBtion."    Cnero  (Tex.)  Bnlletin,  Jannary  3,  1S82. 

[HBicxpFrlmented  wltli  ult  ind  foDUd  It  of  DO  arall  i  bnt  idTlau  thelntrodnctlon  of  tba 
EnKU»b8p«miw.] 

Breed,  DsnleL— "Description  andSgnren  of  recent  invcntiona  for  insect  deatmction." 
Field  and  Forest,  iii,  p.  9a,  93,  fig.  23-27,  December,  1677— Psyche,  Record  No. 
W6  n. 

IFor  deatioylDg  AUHa,  Ltutvnia  and  JDoryphora.) 

Bufiiett,  'V.  I.— "The  Cotton  Worm  of  the  Southern  Stal«§."  Proceedioga  of  the 
Boston  Society  of  Nataral  History,  iv,  pp.  316-319,  1854. 

[Aji  acvount  of  tho  insect,  ihoit  and  moftUy  fiYnn  hAftrsay.    Prnponati   tbe  migntloa 
thoory,] 

Capers,  C.  VT. — ''On  the  Cotton  Caterpillar."  Sonthem  AgricnltnriHt,  i,  p.  203, 
May,  1829. 

(Qnotes  Say'i  original  diwoHptlini  as  »nt  to  fatm  In  M&  ;  glvea  a  full  acconnt  of  nngea 
fram  lau  to  182T  uid  d«sciibca  In  a  general  way  tha  egg,  larva,  pnpa.  and  Hilnlt.) 
Carolina  Farmor.— "  Death  ta  the  Cotton  Worm."     1869,  p.  142. 

[Beportofa  meeting  of  plantoTB  at  OpetcHiaaa^lA.,  at  vhfcb  it  waa  decided  to  unite  In  mak. 
ing  fliea  lo  d«troy  tbe  mothi.] 

Carolina  Farmer.— "The  Cottoa  Caterpillar  (AnomU  ssHna)."    Vol.  iv,  p.  278,  1872, 
Carolina  Farmer.— "The  Cotton  Caterpillar."    Vol.  i,  p.  142,  1868. 
Chlsholm, Dr. — "Cotton."  SirDavidBrenster'BEdinbarghCyclopedia.  Edinbargh, 
1830. 

[Draws  ap  ■  dewiriptlon  of  tbe  checlUa  in  Luin.    Qivea  au  extended  acGonnt  of  ita  babila 
■iBo[>9nrTe<t))jblminDemenini<BriUah  Giilana}  in  1801 -'2,  and  proposea,  aa  a  remedy,  Aiml- 
gation  with  anlpbnr.] 
Colorado  CiUaon.— "Of  the  Cotton  Worm."    Joly  17,  1879. 

[Reanltof  an  Inteniev  vith  Profgaaor  Klley,  kI^'dK  progreu  of  work  af  tbo  Comniiuioii-I 

Colorado  Citixen. — "loTestigator  and  the  Cottan  Worm."    Septoinber  11,  1^9. 

[An  edilotial  defenae  of  Frofeiaor  Riley  againat  "InTcatigator."] 

Columbus  (Oa.)  InqtiJrer.—"  The  Cotton  Coterpillnr."    Febninry  II,  lfl74. 

[AdTocatFs  itleogtli  the  apentuieDiia  generation  of  tbe  oaMrpiUnr.  1 

Comatock,  J.  H.— Report  npon  Cotton  Insects.  Washington,  1879  f  Department  of 
Agrioultnri!).    May  !8,  1880. 

[Devotea  tbe  Qrat  384  pages  to  tbe  conaideisUon  of  Aletta.  vltfa  a  colored  plate  and  many 
fllualrationa.    Results  of  the  flrat  year's  Investigation  under  Riley,  logetber  with  reports 
from  Ur.  WDllam  TieleaH.) 
Comatook,  J.  E. — The  previona  work  condensed  Id  Annnal  Report  of  the  Commls- 
aioaei  of  Agijcnltnre,  1879,  pp.  363-333. 


^aovGoOt^lc 


332     BEPOBT  4,    TmiTEI>  STATES  ENTOUOLOQICAL  COUUISSION. 

CoimorlT,  D.  C.  B. — "The  fight  with  the  TerminB."    Eotav  Whig  and  Observer, 
August  7,  1873, 

[On  ihe  lite  o(  Puis  gntn  for  Aletta.) 
•■Cotton."— "The  Cotton  Caterpillar,  No.  5.    The  Moth  Fly,  or  Imago."    NaToaota 
(Tex.)  Tnblet,  Jane  11,  1680. 

{Sarm*  to  In  a  com  pUiUon  from  BolMln  8,  United  State*  SntoDHdot^cat  CommliBloo.] 
"Cottoo."— "The  Cotton  Caterpillar,  No.  7,      How  to  itestroy  Ihenx."     NavasoU 

(Tos.)  Tablet,  June  25,  1880. 
D.,  J.  R.— "The  Cotton  Caf*rpiU»r."    American  Cotton  Planter,  Augnst-,  IfSO. 
[ Ad vlKa  polsoDed  sweats  ami  atdlc  log  down  thentotha  wltli  paddlai.) 
Ceimjn-.— Cottoo  Plauter'B  Manaal,  by  J.  A.  Taraer.    New  Yock.    p.  160, 1875. 
Dana,  VT.  B  —Cotton  ftom  Seed  to  t>oom.    New  York.    1878. 

[On  p.  lITjilraa  a  aliort  aeoonnt  of  the  oatarpiUar.] 
DeBovr'a  Industrial  RaaouicesoftlieSontliem  and  WvBtAm  State*. — "The  Col- 
ton  Ciiterplllar."     p.  170,  18r)2. 

[Qaotoe  oxlenalrely  from  Afflcok.J 

D«  Bow'a  Induatxlal  Rsaoiiroaa  of  Uie  Sonttaom  and  WoatORi  Statea. — "Cottoa 

Worms."    p.  171,  1852. 

(AdTocatea  nse  of  PlaaMr  of  Paria.J 
D«  Boir'B  HotIotp.— "  The  Cotton  Worm,  its  Character,  Habits,"  Ac.     Vol.  ivii, 

pp.  451-459,  1^54. 
Dspartment  of  AgrlouItDTO.- "Binls  and  the  Cotton  Worm."    MonChl;  Beport  of 

Department  of  Agricultufe.    p.  373,  1870, 

[Advocates  tbo  BOviiiR  of  millet  In  (be  Belda  la  attract  birds,  and  also  the  iDtraduDtloo  of 
tbe  EngllaL  S]>iHToii.] 
Department  of  Agricnltnre. — "Cotton  Insects."    Special  Report  No.  8,  p.  8,  Sep- 
tember, 1878. 

(Anacomint  of  the  pro|{TeBB  of  ihe  iBTeatlgaUoD  ap  to  Septemlier.l 
Dlckerman,  C.  Vf. — How  to  malEe  a  farm  pay.     Philadelphia,  CtDcinoati,  Chicago, 
andSt.Lonis.    1869(t). 

[On  ))agea  Z22-2I3  apeakg  of  the  Cotton  Uoth ;  qnotu  moatly  from  Lyntan.) 

Dodge,  C.  R. — "A  Word  about  Cotton  CaterpiHais."    Bnral  Caiollnian,  fit,  pp.  87- 

88,  1871. 
Dodse,  C.  R.— "  Cotton  Caterpillars ;  One  Word  More."   Bnral  Carolinian,  ill,  pp.  363, 

264, 1871. 

[Conecta  atAtomenla  In  the  laat-meDtioiiMl  paper.] 
Dodge,  C.  R.— "The  Paris  OreenBemedjr  Tor, the  Cotton  Caterpillar."    Bnral  Caro- 
linian, V,  pp.  133-11)5,  1874. 

[Sammsriiea  the  repllea  to  the  Department  of  Agrloaltam  cironlaraf  1873.) 
Dodge,  C.  R. — "  Injur;  to  Cotton  by  Inseots."    Bnral  Carolinian,  v,  pp.  417,  418, 
1874. 

[Tahnlates  the  flnt  appearuicM  of  the  wona,  and  Btatea  Professor  Qlorer's  theory  of  the 
partial  bllieniallDD  of  the  Insect  In  all  states,  vhloh  the  table  npfaolda.] 

Dodge,  Lewla  A.— "The  Cotton  Caterpillar."    American  Naturalist,  vii,  p.  313,  April, 
1873. 

[QlTsa  popular  sontbern  Ideas  and  imngl]' fisnres  BtUaOiU iihliig<ifhaga  Qt.  fbrtheBi^ 

Doableday,  Ed^rard. — Transactions  of  the  London  Entomological  Society,  1848. 
Proceedings,  p.  33. 

[UentlODS  havlDs  reeelTad  ths  American  Colten  Uoth  tna  T.  W.  Hants,  and  states  that 
it  beloaga  to  do  Eaiopean  genua,  coming  neareat  to  OpMata.] 
Doableday,  Ddward.— Entomological  Correspondence  of  T.W.  Hatria.  Boston,  1069. 
p.  173. 

[In  a  letter  to  Harria,  dated  April  1,  IHT,  Mktca  that  Ilia  Cotton  HoOi  U  near  to  0|>Mm 
tatiaanawianna.] 
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OnBoa^  J.W. — "Influence  of  Winds  on  Aleti*."  Americui  Entomologist,  Hi,  p.  105, 

1880. 
Bdirard^  Biyan. — History,  Civil  and  Commercial,  of  tbe  Britisti  Colouiea  in  tbe 

West  Indies.    PUIadelphis,  1805-^. 

(CoDtainiDEnMOonntarUiennggof  thaaksitililn  tBe  Wnt  Indie*  In  ITM  ajid  tTM.1 
BrenlDg  Btar  (Wasbing^n,  D.  C). — "  Cottoa  Wimn  «nd  Cotton  Cnlture  in  Foreign 

Countries."  April  13,  18H0. 

[Bndl  ud  Mulco.l 

rantwn'Honw  JoonuU.—"  Cotton  Uotbs."    U«y  14, 1S8I. 

(An  ■ccoDDt  of  tncoaufnl  Biperlmenta  by  J.  D.  Anitin,  of  Fannin  Cgnat;,  Teua,  vlib 
trap-Iantenu.    Alto  pobUsbed  In  fbe  OaJtuton  Vim  cif  Jnlj  lil.] 

Fannen'Rttvl«w.—"  The  Cotton  Worm."    Aagiut26,  ItJHO. 

[Copl«  the  aopplamsntar;  dlcnlua  Knt  bj  Fiofauor  Riley  to  acaDtB  of  the  CDmmlnion,] 
Fargnion,  June*  U. — "The  Cotton  Worm."    Monthly  Bepons  of  the  Department 
of  Agrionltnre,  1867,  pp.  S68-389. 

[tiiTGI  obumUoni  on  IhesMimlblitaiTaf  tbaCottm  Wonnkud  advlMii  buid-plckin|  of 
theflimtbnwd.] 
netoller,  James. — "The  Cotton  Worm."    Canadiftu  Entomoloj^at,  xiii,  p.  233,  Ko- 
Temlwr,  1S81. 

[Seport  of  tha  AnniwI  Meettng  of  tba  Ent«inidoglai]  Society  of  Ontario.     Letter  thnn  Ur, 
Fletoher,  uklng  tbi  obeerratlonaoB  Aletla;  and  note*  of  their  oaptnre,  by  Heean.  HoSU  and 
Bead.] 
FUnld*  Dlspatoh.— "  The  Cotton  Plant."    Jaly  16,  1879. 

(A  IsDKthy  artlale.  one  of  the  aab-headi  being  "Tha  Cotton  CaurpHlar."    A  ahonnrlow 
of  the  nutnnl  hlatoiy,  advliing  Paiia  grean  aa  a  remedy.  ] 
Foral«]r,  C.  Q. — "Cotton  Worms — Noetua'goaaypii."    New  Orleans  Commercial  Tlmea, 

September  22, 1846. 
Fncato,  R.  IT.—"  The  Cotton  Wonn,  or  CaterpiUar."    Sontbem  Farmers'  Monthly, 
August,  1880. 

[Blbamation  of  Moth  and  tnflnenoe  of  Weatlur.} 
Fnll«r,  A.  S. — "  Parte  Green  and  the  Cotton  Worm."    New  fork  Weekly  Son,  Norem- 

ber  4, 1874. 
Oaltney,  J.  R.— "Tbe  Cotton  Army  Worm."    Sonthem  Herald,  Liberty,  MIssiBdpl, 
May  and  Jnne,  1860. 

[Hea.  1  and  S  are  deTOled  to  an  attempt  to  proie  the  hlbeniaUiai  of  the  Inaaot  Id  the  ehiy- 
aalia  alate.    No.  S  adTtaeaaaremedlea  hand-ptckbijt.  fliea  at  night,  aowlng  caator-bean  andoow- 
pea  la  Ibe  eotton  Beld.  and  lata  fjU  and  winter  ploinugl. 
OBlveaton  N«wb.— "Tbe  Cotton  Caterpillar."    September,  1879. 

IContatna  eitraeta  Itom  the  report  of  Dt.  Q.  E.  GlUeapls  tc  pTofeavK  Bilay,  on  h<beni» 
tlon  and  the  eneoimcement  of  blnla.] 
OalTsatoa  Naw&~"The  Cotton  Worm  Inyeetisation."    Angnst  14,  18B0. 

[An  InEerrlan  betnen  a  reporter  of  the  Wwi  and  Profkwor  Stalle  on  tbe  work  of  tha  Com- 
mlBaUHi]. 
Oaamcr,  Oeo. — "Injnry  to  Fmit."    Kansas  Farmer,  October  3,  1877. 
[Olve*  an  aoeoimt  of  liUnry  to  ripe  peacbi-a  by  A  UHa  ciptiiu  In  Eanaaa.) 
Qattenbau-Zeltmic. — "Die  Baomwollranpe."    Octoher,  1876. 

-t  aeconnt  InOenuas  of  Aletia  giytflncn  and  Laplivina  fragiprria  (GnaimrBil. 
>d-l 

01oT«r,  Townand. — "The  Cotton  Caterpillar  {Soatita  xglitia)."    Annnal  Beportof 
the  Commissioner  of  Patents  (Agriculture),  1855.  pp.  71-76. 

{OlTea  popular  deaoilptlona  of  all  atataa  of  tbe  Inaeot.  and  an  hlatorioal  aoeonat  of  Ita  imT- 
agea.    Delalla  the  ramediaa  known.    Flgotea  all  alatea.) 
ffloTsr,  Townend.—Inseots  Injurious  to  Cotton  Plants.    No.  3.    Cotton  Caterpillar, 
or  Cotton  Army  Worm  (Noetita  [Atumit]  xyUna)  Say.    Hsnthly  Beport  of  the  De- 
partment of  Agrlonlture,  1866,  p.  331. 

{SabetanUaUyUiaaamaaTtlola'aa  tliat  In  the  Amuial  Report  fbrlBSSi  — j  ' ■—-flr-  1 
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OlOTer,  Townend. — Report  of  the  Commissi  oner  of  Agricultare,  1867,  pp.  58-61. 

[ItMCTibes  Ihe  Cotton  Warm  In  kU  itMei,  viUi  s«id  flKurei.    Bpealu  of  the  northvanl 
inlgnUon  ot  themotlu,  and  of  Uie  great  j^ood  doi»  by  theantfl  In  dflntmyinff  hoUi  thn  af  !■ 
and  ttie  lArra.    GLvea  n  popnlAr  deHoripliou  iJao  of  what  ia  erldmtly  Fimpla  wmfuuitor.] 
OloTer,  Townend. — Report  of  tUe  CommiBaioaer  of  Agrioultare,  1871,  pp.  63,  B4. 

[(ilTM  ui  acconnt  Of  tha  occnmaoaa  of  tba  wortu  Is  ISTl.  and  apsalu  wilhoDt  apaci£* 
Tefsif  nee  of  a  reocnti;  Invented  macUioe  for  aprlnkUng  polaoni.    AdilHa  Btrenaoni  etbrt* 
to  deatioy  the  flrat  crop  of  ironna.] 
Glover,  Townend. — Report  of  the  Commiesioner  of  Agricnlture,  L878,  pp.  118-120. 

[Anacoonntof  theraTacoiof  thsCottfln  VotmlnlBTS.) 
aiover,  To'iroend.— Report  of  the  Commissioiiei  of  Agrionlture,  lftT3,pp.  16.V169. 

[Ir^nriea  in  1ST3;  inmmaiy  of  arpoiianoe  in  favor  of  the  Riven.] 
Olover,  Tcnraand.— MoQtblj  Beporta  of  the  Department  of  AgricultaTO,18T4,p.  I'JS. 
[Hla  belief  qaoted  that  the  inieot  hibematM  In  all  aUtM  in  Uie  more  aonthem  portleaa 
of  the  ootton  b«lt,  aod  M  the  muod  advuoe*  mlgrste*  Borthwaid.) 
Glovar,  Townend.— Report  of  IheCommiMionerof  Agriculture,  1874,  pp.  128,129. 

[A  levie*  of  Ilr.  lirote's  paper  on  tha  nJBration  of  the  Cotton  Moth.] 

Olover,  ToiriieDd.— UaiiDscript  Notee  from  my  Jonmal — Cotton,  aod  the  principal 
Insects,  &c.,  frequenting  or  injuriog  the  Pluit  in  the  United  Statea.    Washing- 
ton, 187K.    (A  few  oopiee  printed  from  atone  for  private  diatribntion. ) 
[On  piste  I  flgiua  the  Cotton  Worn  in  all  stage*.] 
Oorfaam,  D.  B. — "  Tba  Cotton  Worm,  Ita  History,  Character,  Viaitatioua,  &e."    Da 
Bon's  Commercial  Review,  iU,  p.  &35, 1B47. 
Jfeimpr.— Soothern  Cnltivator,  1847,  p.  114. 
Seimpr. — De  Bow's  Industrial  Resonroes  of  the  Sonthem  and  Western  Statea,  16S2, 

p.  i&e. 

[Coutsina  ui  MMXxmt  of  prevlotia  vtaitationa  of  the  Cotton  Womi,  and  eitendcd  renwrka 

upon  Its  natnral  hisEory.    Prodalnu  the  migration  theory  in  full,  and  gives  argnmeuta  for  it. 

Brananp  adeaoiiption  of  irhst  in  avldaitUj  Pimpla  ceng uiridrr  (the  flrat  mention  of  apan- 

■ito  on  the  cotton  worm].] 

Orote,  A.  R. — Proceedings  of  the  Entomological  Sooiet;f  of  Philadelphia,  iii,  p.  Ml, 

1H64, 

(Annoancei  the  identity  of  IFMtiia  cyHna  Boy,  aed  Anomit  t^nmAuHt  OaenAa,  and  pro- 
poaee  tbeDUng  AaomiiayKnaBay.l 

Orote,  A.  S.~"An<mU  xgUna.    A  Review."    Raral  Carolinian,  iii,  pp.  8H-92.  1S71. 

[An  extended  oritlciam  of  a  paper  by  Dr.  Andenon'a  In  Tol.  U,  p.  OSS.    Gives  a  hlntat 
tbo  migration  theory  which  hfe  elaboiates  in  1874,] 
Orote,  A.  R, — "Dr.  E.  H.Anderson  and  Cotton  Caterpillars."    Bnral  Carolinian,  iii, 
pp.  30c,  309,  1871. 

[A  review  oi  Dr.  Andenon'a  paper  on  pp.  204-307.] 
Orota,  A.R.— "JTmmis  xslinaiSty)."    Bulletin  of  the  Buffalo  Soclet;  of  Natural 
Sciences,  i,  p.  170,  1S74. 

[Fliat  ■aggenlou  with  a  leservatlon  that  Habner'a  AltHa  argOatta  la  the  snm*  aa  Soy's 
lioetua  xyiina.] 
Orote,  A.  R.— "The  Cotton  Worm."    American  Naturalist,  viii,  p.  B62,  1674. 
Oroto,  A.  R.— "On  the  Cotton  Worm  of  the  Sonthem  States  (Aletia  argiltaoea  Hfib- 
ner)."    Proceedingaof  the  American  Aaaooiatiou  finr  tbeAdTanoemantof  Solenoe, 
zzlii,  part  ii,  pp.  13-18, 1874. 
Adv.  ^.—Hartford  Coorant,  xxzviii,  No.  195, 
Adv.  pr.— New  York  Tribune  Extra  No.  21,  pp.  61-62. 
Adv.  yr.— American  Naturalist,  viii,  pp.  7S3-727. 

[HaLiU  BDd  synonymy  of  the  Cotton  Wnnn.    Propoaei  the  mIgtatlaB  theory.    ThaAnal 
print,  aa  pobllshed  Id  theAmoriciD  Katnnllat  and  Ibe  A.  A.  A.&  Praoeedlng*,  U  alten4 
and  dlfien  from  the  eraC  print  In  eaaential  paitionlan.] 
Orote,  A-  R.— "The  Cotton  Worm;  its  HabitaL     Meaua  agaiost  it."      Soientifia 

American,  »xxi,  p,  IBS,  1874. 
Orote,  A.  R.— "List  of  the  Noctuidn  of  North  America."    Bulletin  of  tbo  Bnffat* 
Society  oF  Natural  Sciences,  ii,  IB74-'i&, 

[On  page  14,  the  Cotton  Uoth  i>  entered  nnder  HQbner's  name  of  SUlia  arfiOBMB.  and  Ita 
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^tote,  A.  R. — "  The  Cottoo  Worm."    Geologioftl  Bnrre;  of  Al&bama,  Beport  of  Pru- 
greas  for  1875.    Montgomery,  1876,  pp.  199-304. 

[Aji  acnnnt  oT  the  lutarmt  hiitoiy  of  tlw  Cotton  Won)>,  with  ar£iiiD«iit«  fovorLug  tbe  ml- 
Srmtion  theory.] 

}rot«,  JL.  R. — "  Beport  of  A.  B.  Grote,  of  Buffalo,  K.  Y."    Keport  upon  Cotton  Insects, 
Departoient  of  Agriculture,  18T9,  pp.  351-359. 

I  A.  aluni  amiimt  of  Mr.  Gnto'ft  doinga  In  Georgia  and  AliTiinne  ■>  in  nhfrrTBrIn  thiln 
TeoUiCktion.) 
Srote,  A-  S. — "The  Cotlon  Worm."    North  American  Entomologist,  i,  p.  68,  March, 
1880. 

[A  Tsln  eriClcUm  of  SoUatln  S,  United  StatM  Bntomologlcal  CoBUuiMlon.} 
Srota,  A.  S. — "^lelia  argillaeea."    In  "North  American  Nootoide  in  the  Zatroge." 
Canadian  Entomologist,  xii,  p.  116,  June,  1880. 
[Give*  Ui  TJev*  OD  mlgratioD.] 
Ooende,  A — Sp€oiea  g^D^ral  dea  Lfipldopttoes.    NoctoiUtes.    VoL  U,  p.  400;  ibid., 
p.  401;  vol.  iil,  p.  397;  1852. 

tloToL  li,p.  (M>,  the  Cotton  Iform  Hotb  isdmcTlbeduAnoiitltfrand^miutai  onpagoMl 
.    tC  [■  aftaln  descilbcdu^iuimi(tiI>iuuM)ia.and>Kiln,lnTOl.  lll,p.  (tr7,  oDdertbelMteriuulM 
.    (■eeCb>pterI>.J 
HanU,  T.  mr.— "A  Treatjae  on  some  of  the  Insects  of  New  England  wMcb  ai«  Iiqu- 
riona  to  Vegetation."    Boston,  2(1  edition,  18^,  p.  457. 

[A  -ray  bilel  uoonnt  of  JTotlua  ^lina  StJ.)      ■ 
HanlB,  T.  ^RT.— "Eutomological  Correspondence."    Boston,  1869,  p.  169. 

|In  a  lettn  to  Doobloday  meotlons  IultIiik  nctlvii  apadmeus  of  the  moth  and  aaka  fdr  a 
sencrie  deknalDatlon.    Daterrfletter,  OdOberM.  IBIt.) 
Hempatead,  O.  H.,  jr.—"  The  Cotton  and  Boll  Worm."    HonthI;  Report  of  the  De- 
parlment  of  Agriculture,  1H67,  p.  S14. 

[FaToiable  eiparleniies  irlUi  hoioe-nade  trap-lastem.) 
Hendwaon,  Stsphen.— "  The  Army  Worm."    Formers'  Begister  (Va.),  IftlO,  pp,6ai>- 
661. 

[An  tntereating  aeooaut  of  the  ntT^e*  of  Anemit  EiiUtu  In  LonlaUna  tn  1840.  ] 
Holly  Springa  Booth.— "A  Committee  of  Entomologista."    April  7,  IBdO. 

[Annoanoementof  amemoila]  preaentcd  to  Congnu  by  Hon.  V.  Uiinnlnr.  from  the  pio- 
fewiorg  of  tbe  Unirenily  of  MlHlulppl,  a«Ung  for  a  cottoo -Imeot  InTeatlgatlon.] 
Howard,  TW.  a..-~''A>iOMU  (,X)  ijKda."    Phillip's  Southern  Farmer,  vii,  pp.  361,  362, 
1873. 

[aiTeaaahortaccoontof  thsnatnnl  history  of  the  CattinWnnn;  glatcBatlength  thecoa- 
fllct  of  opinion  on  the  m^eoE  of  the  hibernation  of  thBineert,  quoting  the  opinions  of  all  Um 
promlDont  writer*,  and  Baking  ill  pUnters  to  try  and  tolve  the  problem.) 
Howard,  'W.  R.— "Cotl«n  Worm."    PhiUip's  Sonthem  Farmer,  November,  1874. 

[Ar^mmta  in  &TOr  of  the  hibemaUaD  of  the  moth,  and  rcmarlLB  apou  pateato  for  araeni- 
eal  inlxtima.] 
Howard,  L.  O. — "A  new  Bilk-spinning  Chalcid."    Canadian  Entomologist,  Angoat, 
1B80,  p.  ISP. 

[Dnorlbea  Ai|tlM<rut  aomttoatii  n.  >p.,  sparaatte  on  the  Cotton 'Wtnrm.] 
Hoy,  P.  R. — "The  Occnrrence  of  .^(eha  argillimea  In  Wisconsin." 

[Read  befbre  Ibe  EDEonxilDglcal  Clsb  of  the  Amsrioan  Aaaoelation  fbr  the  AdTaooemeat  tt 
Bdenoe.   Sarauga  meeting,  ISSO.] 
Boyt,  7.  D.—"  Practical  Uodea  of  Deatroying  the  Cotton  Worm."    Prize  Essay. 
Selma,  Ala.,  1674. 

[Paris  green,  srsenloiu  anld,  knochlng  the  worm*  tma  tbe  plaola.  Htm.  lantern  tnpa.] 

Hubbard,  B.  O. — "Noteson  the  Cotton  Worm  in  Florida."    American  Entomologist, 

iii,  p.227.1880. 
Bubbard,  H.  O. — "itora  oMtenot  a  tme  paiMlte."  American  Entomologist,  iil, 

p.  aza,  1880. 
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Hubbard,  H.  O. — "  Ante  w.  Cotton  Worms."  Amerio>nEntomologiHt,iii,p,  249, 1880. 

Babbardl  H.  Q.— "  Vertebral  Enemiea  oIAletia."   American  Entomologist,  lii,  p.  350, 
1B80, 

Hubbard,  H.  Q. — "Spider  and  Cotton  Worm."    American  EntomologUt,  Hi,  p.SS50, 
1S80. 

Hnbaer,  Jacob. — Zntrilge  edt  Sumnlnng  cxottecher  Schmetterlinge,  beatebend  in 
Bebuudignng  einselner  Fliegmniter  neaer  oder  rarer  nioht  europiiiHDher  Gattnn- 
gen,  Angaburg,  Yer&wer.     1818-1623.  Centur.  ii. 
{CoataiDS  the  orlgliul  de«oHptlcm  otAtttia  arffiiiacta-1 

"Iuv«Btigator." — "The Cotton  Wonn."    GolTeaton  News,  Bept«mber  9, 1879. 
[Costa  UDWamnMct  ndeoUou  on  the  vork  ofthaCaminUalaii.] 

Johnaon,  Catlibait  "W. — Fannera'  and  PlBnteiB*  Encyclopedia  of  Baral  Affairs.    Lon- 
don, 1S43;  PliiladulpbJa,  1868. 

[In  utkle  on  "Cotton."  qnotM  from  Spaldlni'*  csny  m  la  Unt-l 
JoiMSiR.  W. — "Boll-worm  deTOOiing  Cotton-worm."     American  Entomologiat, iil, 

p.  253, 1880. 
Jonea,  R.  W.— "UselessneBB  of  Yeast  Ferment."    American  Entomologiat, lii,  p.  S96, 

18d0. 
"J.,  W."  CWdl  Jouea?)— "The  Cott«u  Caterpillar.'*  Southern  Cultivator,  ISeTip. 

107. 

[AdTliH  ertenniutSon  of  tbe  first  laruod  by  destroytBg  Um  aRgi-l 
Jonas,  Wm. — "Cut-worms  and  Catecplllats."     Sonthem  Cultivator,  1869, pp.  IOC, 
107. 

ATpunenta  for  tha  hlborsaUon  ot  tlw 
>t  brood  of  worma.  ] 

J7nL~"  Tbe  Cotton  Caterpillar."    Sonthem  Cnltivator,  1870,  p.  67. 

[EdiloriHl  auawer  to  IsUet  from  A  B.  U.,  ukluft  for  inAmnUJon  ooDoemlng  Cotton  TTiiisis 
State*  th&t  little  is  kaovD,  uid  dirella  npos  dlapated  point  of  Mbemntlao.] 


Jcmea,  Wm,  J.—"  Tbe  Cotton  Caterpillar  Qnestion."    Oalveston  News,  October  31, 
1879. 

(AODUtniTomalBniwarto  Fitifesaor  RUej'a  latter,  jinbllsbed  In  the  JVoH  of  OetobwM, 

IBTftl 

Jonsa,  TW'm.  J.— "B«portof  Judge  Wm.  J,  Jones,  of  Virginia  Point,  Texas."    B(^>ort 
upon  Cotton  Insects,  Department  of  Agricalture,  1879,  pp.  356-358. 
[Judge  Jcoiea's  aooonnt  of  obaarvatlon*  darlnf  1BT8.} 
Jonea,  Wm.  J. — "London  Pnrple  in  Texas."     American  Entomologist,  iii,  p.  251 

1880. 
"  K." — "How  to  destroy  Caterpillars."    Sonthem  Fart 
[Bvlierea  ttut  tbe  vehs  on  tree*  throngh  tiie  vinter  oo 
ncncc,  advlaca  to  ham  all  anoh  web*.] 
KeUicott,  D.  a.~"Aleti»  in  New  York  State,"    American  Entomologist,  iii,  p.  297, 
1880. 

ISpeclmoDt  found  October  U.  IBTS,  snd  Kovember  «,  18S0.1 

Landon,  M.  D. — "  The  Cotton  Caterpillar  (Jfbotua  xsUna),"     Beport  of  the  Commia- 


J.  D.—  Sonthem  Agricnltnrist,  1829,  p.  427. 

(In  k  Ihot-nota  to  an  ullela  on  rotatloB  of  crops,  adTlaea  ratsUon  of  dtopa  fte  Cotton  Cater- 
plllsr,  sod  also  wars*  aiiliut  tbs  Injndlclotuoaeof  msiiiin  Innatateof  fBitntutatlon,] 
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Ziintiier,  J.A.— ''EDtomologyinAmericaJDlSTO."  AddrsKsof  the  President  of  the  En- 
toniologicnl  Club  of  tb«  American  Association  for  the  AdToncement  of  Science. 
American  Entomologist,  iii,  p.  16,  1880. 

[Gives  ■  toDK  Dinloe  at  Glover's  Uanuioiipt  iiol«a  — .  CottOD,  aod  oltM  It  u  a  luodeL] 

Iiorlng  and  Atldnson. — Cutton  Cultnro  and  tbe  South.    BostQO,  liSS. 

lOn  p.  64  gives  A  TSTy  meager  noUce  of  the  Cotton  Worm.  | 
lajmau.  Joseph  B.— "Cotton  Planting."    Keport  of  the  Commissioner  of  Agiicnlt- 
nre;  1866,  p.  193. 

[Cndartlia  head  of  "  Enemies  of  the  CottaD-Plant,  *Dd  bow  to  deetroy  tbem, "  tbeCottcm 

Uotb  la  deiicribed.    Advises  sngaiiDg  for  the  raotbe,  Bree  M  illRbt,  cMeblog  tho  motba  In 

hend-nete,  and  piflilng  the  teiiTee  on  wblcb  tbe  eggs  ue  deposited.    Tbe  article  iwataliiB 

eocoeulartng  errors.] 

Iiyntan,  Joseph  B.— Cotton  Caltnre.    New  York,  Orange  Jndd  &  Co.,  1368.     "The 

Cotton  Moth,"  pp,  86-a9. 

[A  eben  atcoont  of  tbe  melimiorpbDeBS,  vltb  figore*  ot  tbe  dlllbTeut  etogea.] 
"M."— "The  Cotton  Moth."    Americon  Agricnltnrist,  t1,  p.  32,  Jannarif,  1847. 

[Effeot  of  wHtber  dd  tbe  period  of  developmeDt  )uid  number  of  bioodi ;  hjpotbetloal  blog- 
repbj  of  If,  ayjina.] 
MoCook,  B.  C. — "  Formicarite."    Report  opon  Cotton  Insects,  DepHrtment  of  Agri- 
onlture,  1879,  pp.  18->-189. 

[A  Bbort  report  opon  tbe  species  of  ants  ealleoted  by  the  obeerven  ooanecled  -nilb  Ibe 

Cotton  loeeet  InTeetlgBiloD.    Treats  of  (1)  Dorsmj/roM!  intonut  (Bncklej).  (3)  D./lamt,  n. 

yiir..  (3)  iridnnsmsw  aaeamti  Forel,  (4)  Oremalagiuur  iintotata  (Sej),  ;5)  C.  dora  Majr.  (S) 

BoUaoftit  xyloni  n.  up.,  (7)  Momrmcirium  aarbotuinum  Smith,  Kod  figorea  nos.  1.  4,  and  (I.] 

''MoG." — "DieesKSof  the  Cotton  Plant  and  their  Remedy."    De  Bow'a  Soview,xi, 

p.7,  lasr. 

AeiMpr—De  Bow'a  lodtistrial  Resonroesof  the  Southern  and  Western  States.   1853, 
p.  108. 
McKlnnen,  Daniel.— Tour  tbrongh  the  British  West  Indies  in  1802-'3.    Oivins  a 
Particol&r  Acconnt  of  the  Bahama  Islands.    London,  1804. 

[QiTH  an  acoonnt  of  Ibe  ravgjiea  of  tho  ehmillt  on  Aeklin's  Island,  Babamaa,  and  also  of 
(he  appointict:  of  a  commiHiDn  "by  Ibe  general  assembly  of  tbe  islands.  In  1801.  to  Inveatl. 
gate  Iha  oauseii  for  the  repealed  failure  of  the  cotton  crop,  the  principal  cuue  being  the  rai- 
ages  of  tbe  oAoiiUs.  ] 
Maoon Telegraph  and  Mtssenger. - "  The  Cotton  Caterpillar."    July  29, 1880, 

[Contains  a  press  report  of  Ptofestor  Riley's  UobOe  Cotton  Eichange  address,  and  also 
prtnia  in  fall  Clroolar  No.  11  of  the  Commission.) 
Marion  (Ala.)  Commonwealtt,— "  Prof.  C.  V.  Eiley."    July  3,  1B79, 

[Editor's  notice  of  Professor  Riley's  rieira  on  htbcrsation  and  anuonneement  of  tbe  pro- 
pos<!d  InTSStlpltlOD.) 

Mobbe  Regiater.— "  The  Cotton  Caterpillar."    Aagast  18,1873. 
ifeimpr.— Carolina  Farmer,  September,  1872. 
BriBipr.— Southern  Farm  and  Home,  October,  WT2. 

[An  editorial  OB  this  subject,  mcotioning  in  the  eonclndinK  pangisph  the  Ikcit  that  Pari* 
oreen  was  being  used  by  sercral  persona  at  that  time.] 
Mobile  Beglster.— ''The  Cotton  Worm."    June  2,  1080. 

lEdilorisI  notice  of  the  United  Stales  Entomologtoal  Commission  and  a  lengthy  plea  for 
eilendedappropriaiions.! 
MontEomery  (Ala.)  Advertiser. — ''Cotton  Caterpillar."    Angoat  lb,  1873. 

[Detailed  eiporiineDts  on  tbe  breeding  of  AMia  in  Jars-I 
Morrill.  Augastns  (United  States  Coosol  at  Manzanillo,  Hesico), — "Cotton  Cult' 
ure  and  the  Cotton  Worm  at  Manz^millo,  Mexico."    American  Entomologist,  iii, 
p.  152,  1880. 
MorrlsoD.H.  £.,  andHageniB.  A.— "Ia.illefiii  argilUtcea  winter-killed  every  yearT" 
Psyche,  ii,  p.  23,  Mnrch-Aprll  [9  July]  1W7.— Psyohe  Record,  No.  IStfl. 
[Soppoit  the  negative  of  tlie  qaeatton.) 
63  CONO 22 
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Morae^  a«orBe  W.— "TbeCutlou  Caterpillar."    Monthly  Heports  of  the  Department 
of  AgricDltore,  1P67,  p.  249. 

[Adrisea  that  sniiiDuiT  meamrea  b«  taken  to  dmtro;  the  Ural  btood  of  iroimi  by  oBlaiag 
k  nWBTd  for  the  Ant  vonn.  and  u  Mon  h  Ibat  la  toani  tumlog  a  farca  lato  the  flcldn  to 
■emli  for  tfaem.) 

M<rtlieral,W,— "The  Cotton  Worm."   Kara]  San,  NuhTill«,TeDii.,FebniU7SS,lST5. 
[GIt«  an  laoomplale  acooont  d(  tba  natonl  hUtofj  and  adriMW  the  IntrodDetioD  of  the 
BngllBh  SpanniT  into  the  Sonth-I 

MuUan,  B.  B.— "  Sciuk  Bush  as  an  Ineeotidde."    American  Entomologist,  III,  p.  2^ 

leJBO. 

[AdTlHia  Ita  nae  for  AUUa.} 

rVatches  Demoorat  and  Coiutor. — September  7,  iS80. 

[A  short  article  (edlloriol)  on  London  pnrple  and  PTretbrun-J 
Heir  Orleana  Picaytine. — "  Tbe  Cotton  Worm  Commisaion."    Aagugt  13,  1S76. 

[Edltorfal  BOlJceof  theorganiutloiiof  thelnTallgation  irith  an  explanation  orthemlgn- 
tion  theory.] 
n«w,  W.  T7.— Southern  Planter,  1842. 

[In  an  addnaa  before  the  AgrloDltnna  Society  of  Hlode  Coontj,  MlMlHlppl,  1830,  adilaea 
planting  cotton  In  bllla,  glvlqg  the  plant  taore  light  and  nui  and  leetmlng  the  proteotioa  ot 

Onr  Home  Joonial  andRmralSontUatld.— "The  Engllih  Sparrow — A  remedy  for 

the  Cotton  Worm."    1873. 
Packard,  A.  S.,  Jr.— "Guide  to  the  Study  of  Inseots."    Salem,  1860,  pp.313-3l5.     A. 

[iMiort  Booeaat  ot  Dalnnl  hlatory  ud  heblti.| 
Packard,  A.  S.,  Jr, — "The  Cotton  Army  Worm)  Alelia  argillacea  Htibner;  jfnomit 
rylina,  Saj."    Report  on  the  Bocky  UoDnlain  Locust  and  other  Insects  now  in- 
'  Jnring  or  likely  to  litjnre  Field  and  Garden  Crops  in  tbe  Western  Stat«s  and  Ter- 
rilories.   Extracted  from  the  Kioth  Annnnl  Report  of  the  United  Slates  O«ologi- 
col  and  Oeogiapbical  Survey  of  the  Territories  f<^f  1875,  pp.  776-776. 
(A  geueral  aoocnuit  of  the  Insect,  oempOed  Irom  Bfley.  Grote,  and  QlaTor.) 
Packaid,  A.  S.,  Jr.— Americnn  Naturalist.  iiv,p.  535,  1879. 

[Edtiorial  notloe  of  the  tnniifer  of  the  Cotton  Vonn  InTeatlgation  tmm  the  Agricultural 
Departmenl  to  the  rnlteil  StaCea  EntomDlogloal  CoauDtaalDn.) 

P«akard,  A.  S.,  Jr.— "Riley  on  the  Cotton  Worm."    American  Natoralist,  xiv,p.383, 
1680. 

ISotioe  Df  Balletin  B.  United  States  Entomologloa]  CommlHlon.  1 
Packard,  A.  B.,  Jr.— American  Natnralist,  xiv.p.TS:),  1880. 

{Editorial  aooonnt  of  the  orgaoiistiDn  of  work  on  tha  Cotton  Inaect  InTeet]([iUon  for  1BSII.| 
Phorea,  D.  L— "The  Cotton  Army  Worm  (Anomii  xylina,  Say)."    American  B4to- 
raulogist,  i,  p.  243, 1669. 

[Stateathat  the  insect  hibemalee  as  amoth,  and  deurlbea  the  egR.    Adroestee  bend-plek- 

tag  If  It  can  be  done  by  ponoerted  action  on  tbe  part  of  the  plaulsrs.    Advleae  eleo  eagerliig 

Mid  Ih*  In  May  or  Jnnc.) 

Pkares,  D.  L. — "Tbe  Cotton  Caterpillar  (Atwauin/Hna),"    Lecture  delivered  before 

the  Farmers' Club  of  Woodville,  Miss.,  May  4,  1869;  abstract  published  In  Rural 

Carolinian,  l,pp.  603,695,  August.  1870. 

[Thla  artirle  la  accompanied  by  a  foil  page  lithograph  of  cotton.atalh  Inflated  by  Urva, 
Dhryulia  and  adnlt,  and  engraTinga  of  the  Cotton  Worm  (A.nonitxvHna>.  the  Boll  Worm 
(JTdioUu  armifcra),  and  tho  Graaa  Worm  (i.apAyfDUiyHv^perdaj  la  all  elageB.  The  article 
baa  the  foUoaing  heida :  Elatory.  Will  tbe  eaterplllar  caoae  ootton  onltaro  to  ceeie  t  Why 
Uthecaterpillarvoieeiome  yeani  Errors.  Pnpoeed modea of  deattoylng.  Piopagatlon.] 
PbUlpii  U.  'W.-"  The  Cotton  Worm."    Southern  Cultivator,  1(:<48,  p.  28. 

fQolIn  aucitendcd  article,  giving  a  description  of  the  larva  and  chryaalia.] 
Port«r,  Oeo.  fi. — Tropical  Agriculturist.     London,  1833. 

I  (On  p.  24,  In  apeakiog  of  collon  in  Qnlana,  be  eoplea  part  of  Chlaholm'a  artlsle  os  the  (ft*- 
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"R." — "ChryBiklis — Parin  Orccn — Professor  Riley — Cavalry — Infantry."    Selnia  (Ala.) 
'Dniea,  Angnst  7, 1874. 

(Pkria  green,  ■feeniona  HCid,  pHteot  pompe,  uid  baad-piokliig  Ihe  pap«9  diiougsed.] 
Read.  John  E.— Farming  for  Prnlit.     Pbitodelphia,  ;@eO. 

[On  p.  Z8S  ipcahsof  ColUnOMerpUliiruidBdTiaeatheiiwof  PirlcKTeeii'wlUipTeDMiUoiu.t 

Reese,  W.P.— "Paris  Oreeii  auil  Ibe  Cutlon  CateipillaT."     Buial  Caroliniui,  De- 
cember, 1873. 

(A  ibort  note,  prellmiiur;  In  lU  lutnre.  | 
Reese.  ^7.  P.—"  The  Cotton  Caterpillar  Again."    Rurul  Cftrolloian,  v,  pp.565,ii6ti, 
1874. 

[The  cnuon  woru  raid  te  hlbenutv  Id  (he  ohi  ynlli  sUtu  under  leasee,  Ao.  i  henoe,  ■■  ■ 
nmedf.  ham  Invei  In  ML    Ales  gives  fanualufor  nwof  ParUgrMn  In  ulaUon.] 
Ril«y,  C.  V. — "The  Cotton  Army  Worm  {JnoniiTiiliiia,  Say)."     Second  Ann aal  Re- 
port on  the  Noxions,  Beneficial,  and  other  Inaecta  of  the  State  of  MisBoari,  1B70, 
pp.  37-41. 

(An  aeeoDDI  of  (he  habld  iDd  nntnml  hlstcr;  of  tbe  hnwet,  with  popular  dsecrlptiona  o( 
all  Btagea  and  fignne  of  «££*,  larva,  chrysiilia.  aai  adbll.] 
Klley,  C.  V. — "Remedy  for  tbe  Cotton  Army  Worm.".    Proceedings  of  the  National 
Agrioultural  Congrcu;  Indianapolis  meeting,  1S;3. 
tU^entlf  addees  the  nee  ot  Parla  green.] 
Riley,  C.  T, — "Remedy  for  Cotion  Wnrm."    Read  at  National  Agricoltural  Con- 
gresa,  Indianapolis,  1B73.    (First  printed  ia  Illiutrattd  Journal  of  JgrioiiltUT»,Baiat 
Louia,  jQDe,18T3;  copieilbyJiKral  World, Sural  AlabaMUm, M6bilaEtgitl«r,Farm»n' 
Advocale,  and  other  Southern  periodicals.} 
[ReconimeDda  Paris  treen.] 
RUey,  C.  V.— "A  Remedy  for  Ibe  Cotton  Worm."    Vicksborg  Herald,  May  1, 1674, 
from  tbe  New  York  Tribune. 

"  [Paris  iroen.l 
KUey,  C.  V.— "The  Cotton  Worm."    Sixth  Annnal  Report  on  theNozions,  Benefi- 
■iaJ,  and  other  Insects  of  tbe  State  of  Missonri.     1B74.     pp.  17-34. 

f  This  article  has  tbe  falloirlng  header  Patla  green :  Paleut*  oo  tbe  Paris  green  mlitnrei 
Blbemation  of  Ibe  Insect;  Natonl  «neinles ;  Singe  of  Ibe  Inaeeti  Other  qnesUoDS.] 
Riley,  C.  V. — ''  Insects  affecting  the  Cotton  Plant."    Rex>ort  of  tbe  Commissioner  of 
Agrionltnre,  llj78. 

(A  (hart  report  on  the  progress  made  In  the  Cotton  ItiseclInTestlffaliiini  embodies  a  isptn^ 
by  A.  a.  Grote.] 


Is.] 
RUey,  C.  T. — "The  Migrations  and  Hibernation  of  .iltsfta  argiUaoea." 
IBfOd  lierore  ISIft  meeting  of  tbe  Nulonal  Academy  of  Sclrnoea.  J 
Koliee  of  the  mdm.— Washington  World,  May  10,  1(^9. 
KoHee  of  tke  tan^.— Science  Keivs,  Ji^ne  1,  imu. 
A'ofttv  of  the  lamt. — Scientific  American,  June  14,  IS79. 

1  itatcshliibelleftntbe 

RUey,  C.  T.~"  The  Cotton  Worm."     Mobile  Register,  July  9,  1879. 

[Kepoc^  of  ■  lecture  befgre  the  Cotton  Exchange,  In  wblob  mention  wu  drat  made  of  the 
relallon'oribe natural  enemtee  to  Ibe  wet-weatber  aboudanoe  and  dr7.<Featlier  acaroityof 


Siley,  C.   v.— "Parasites  of  the  Cotton  Wonn."    Canadian  Entomologist,  xi,  p.  161. 
September,  1879.  ^ 

II>««OTlb«s  TritbtgrammapTtiitm  n.  sp.,  Oirmpiliu  nuna  n.  sp  ,  and  Xaehlna  atttitt.  o.  sp.) ' 


340     EEPOET  4,   UNITED  8TATBS  ENTOMOLOGICAL  COMMISSION. 

Riley,  C.  v.— "The  Cottoo  Worm  in  the  Unit»l  States."    Proceediogs  of  the  Aracri- 
cBii  Aasoeiation  for  the  Ail  van  cement  of  8c  if  lice,  xxviii.    Saratoj^a  meeCinit.  V^79. 
[Brings  (brwHtd  HTgumcEta  ajtiliuttlieiiilgraUDD  theoiyuid  cliMTCMltdisoovsrieBBMle 
In  tlie  oouna  of  the  officlnJ  iDTCatlkiitiaa.] 
Rile;,  C.  v. — "TlioCottoD  Worqi  in  the  United  States."  Abstract  of  a  paper  read  bf> 
fore  the  Soratoea  meetioK  of  the  American  Anociatioo  for  the  Adranceuient  of 
Science.    American  Entomologist,  iii,  p.  93,  IB&i. 
[Refutes  GroM's  mipstion  theory.  1 
Rllej,  C.  v.— "The  Cotton  Worm."    GalTeston  News,  Ootober24,  1879. 

[An  answer  to  W.  J.  Joneaand  to  theOliarKMot  "InTestlaator."] 
Rile;,  C.  v.— "On  the  Hibernation  «f  the  Cotton  Worm."    From  advance  sheets. 
Bulletin  3,  United  States  Entomologieal  CommisBioii.    American  Entomologist, 
iii,  p.  6,  1880. 

[A  lonK  aitlole  faTorinK  the  hlbenutlon  of  »  situill  p«re«ita(e  of  (he  moUu  In  the  more 
■ontheni  portions  of  tbe  Cutton  Bolt.) 
RUey,  C.  V. — "Twovaluable  InsecticiJeB."    American  Entomologist,  iii,  p.  41,  18S0. 
From  advance  sheds,  Bnlktin  i.  United  States  Ulntumological  Commission. 
ILoodon  pnrple  snd  Pyretbrum.] 
RUey,C.  V,— "Tbe  Cotton  Worm."     Bulletin  3,  United  States  Entomological  Com- 
mission.    Department  of  Interior.    Washlnifton,  1880. 

(A  p^ier^xiTered  Tolnme  of  144  pp..  one  oohired  plate  uul  many  wood.enU.) 
Riley,  C.  T. — "A  new  Oenne  of  Proetrotmpids."  American  Entomologist,  iii,  p.  52, 
1880. 

IDescribes  IHdveHum  a,  g..  tifuv  u.  tp..  •  psmslle  of  the  Cotlon  ^T'onn.) 
Rilay,  C.  v.— "Cotlon  Caterpillara."    Selma  Times,  June  26,  1880. 
RUey,  C.  T.— "How  to  niaoage  tbe  Cotton  Worm.  Snggestions  to  Cotton  Planters." 

Farmers'  Review,  July  8,  18tJ0. 
Riley,  C.  v.— "The  Cotton  Worm."    American  Entomologist,  iii,  p.  fi7,  1880. 

[From  Balletin  3,  United  St«las£ntoinolo£losICoDuiiiHlon.| 
RUey,  C.  V. — "  Sowing  Cotton  Seeds  in  hot  beds  and  transplanting  as  a  means  of 
preventing  injury  from  the  Cotton  Worm."    American  Entomologist,  iii,  p.  107, 
1880. 

ISauMtlon  disapproved  on  aoeonnt  of  dlSDulty  of  tiuspUnUnEvltboDt  Injury.] 
RUey,  C.  V. — "  Cotton  Culture  and  tbe  Insects  injuring  the  plants  at  Babia,  Brazil." 
American  Entomologist,  iii,  p.  136,  1880. 

[Conlains*  letter  tntu  K.  A.  Edes,  United  States  CodboI  at  Buhls.] 
RUey,  C.  T. — "  Early  appearance  of  tbe  Cotton  Worm."   American  Entomologist,  iii, 
p.  149,  1880.  • 

[Appocranoe  of  the  werniB  Id  IBSO  noted  on  April  SO  and  Uay  8.] 
RUey,  C.  T. — "Sprinklers  and  Atomizers."  American  Entomologist  lil,  p.  165-911, 
1880. 

[Ftlnolpally  extracted  ITom  Bnlletin  3,  United  Statos  Enlomoloilaal  Commlaalon.  ] 
Riley,  C,   V. — "Supplementary  Instructions  to  Ageata  of  tbe  United  States  Ento- 
mological CoinmisBion."    American  Entomologist,  iii,  p.  318,  1880. 
RUey,   C.  T. — "Tbe  Cotton  Destroyers."    New  Orleans  Democrat,  September  21, 
1880:  Selma  Times,  September  39,  1880. 

[AloneletCer  to  thsDemDcnt  with  the  eubheads;  Prlnei^tM  etIMlMtdi  TAs  tax  p»i- 
$on4 ;  London  parpU ;  I'yrethnn ;  Oiia  ;  Improved  appHaneea ;  FaUoning  fn/m  httou  ; 
Ear^poimningi  WeoIAir,-  aoieltuionj.] 

Riley,  C.  V. — "Additional  Exporinients  withPyrethrum."    American  Entomologist,  ' 
iii,  p.  342,  1880. 

[An  Booonnt  of  eipcrimenti  npon  Cotton  Wonnamsde  by  Mr.  H.  Q.  Hubbaid.) 
RUey.  C.  V.—"  Insecticides  now  in  use  in  the  South  fur  tbe  Protection  of  Cotton." 
Auiorican  Entomologist,  iii,  p.  245, 1880.    From  the  Scienliflo  American. 
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Rllay,  C.  V. — "SyDoiiyiDB  of  Parasiteaj  Mistakes  corrected."  American  Entomolo- 
gist, iii,  p.2fl3,  lc!80. 

[SUitrii  Didi/ctium  tigiag—^tafpOBed  QOtton-norm  psnulte— 1«  tie  >  Hnapluta  ;  iIhbdt- 
mluwlt  tobsapHrullvofPADraoIifua,  (ndoat  aF  AlcMa  ItMlf.) 
Riley,  C.  V.— Answers  to  CorrespondBnts  concerning  Colton  Worm  inquiries-,  also, 
siDftll  notes  Ibere-auuat.     Amerioan  Eutomologiot,  iii,  pp.  107,  108,  129,  154, 181, 
a04, 205, 206,  SSd,  078,  1H60. 
Riley,  C.  V.~-"  Cotton  Worms  and  Cicadas,  Frolesaoc  Stelle's  Logic."    Selma  Times, 
Jul;  19,  IBbl. 

[A  eontroTnnlal  aniwcr  lo  oertain  publlcmtlou  of  Pioftiuor  Blelle's,  kod  b-pcclUly  U)  thst 
Id  tin  Mobile  Regiater  Df  Juiur;  IS,  USl.] 
Riley,  C.  T.~"  Hibernation  of  the  Cotton  Worm  Motb ;  Ease  witb  which  uiiatakes 
axe  mode."    American  Nataialist,  xv ,  p.  244,  March,  ItttJl. 

Riley,  C,  v.— "Notes  ou  North  American  MiiTugasters,  &.C."  Transactions  of  lie 
Acodem;  of  Science  of  Saint  Louis,  iv,  No.S,  April  IC,  1861. 

[Od  pp.  S.  II,  ud  1!  treats  of  ipanttlit  aUtia.  ■  new  apeclei  paiasltic  apon  the  Cotton 

Bilay,  C.  V. — "MotliH  Mistaken  for  Aletla."    American  Nataralist  xv,  p.  4B(i.    Jiuif, 

Riley,  C.  V.—"  The  Cotton  Worm."  Addreas  of  Hon.  Geo.  B,  Loring,  and  other  Pro- 
ceedings of  Cotton  Convention  held  at  Atlanta,  tia.,  November  2,  lUSl.  Govern- 
ment Printing  OlBce.     1881. 

[A  lengtb;  sddresa  devoted  prfnclpall;  to  tdeMriplloo  of  hoproied  masbiDerj  fortbe  do- 
etmctlDD  of  tbe  wornie.  | 
Report  of  rams  ad(/rr«s.— AtlautA  Constitution,  November  5,  Wi\. 
Say,  TliomBML—"  CorreBpoQilenco  relative  to  the  Inwct  that  destroys  the  Cotton 
Plant."    Sonthcru  Agriviiltiuist,  i,  p.  U03.     18^ 
£nmpr.— NoiT  Harmony  Disseinitiator.     IKtO. 
JfdMpr.— Traniuicttons  of  the  Agricnltaral  Society  of  tbe  State  of  New  York,  1857. 

p.  883. 
Acimpr.— 8a;'8  Entomology  of  North  America.      Ed.  Le  Conte,i.    pp.  3G9,3H1,  1950. 
[CoiulBWDf  &  letter  from  C-W-Capera  to  Ttaomsit  Say,  ImnHnittlniiBpeclmens  of  the  cot- 
Ion  mnrn,  and  Ssj'e  reply.  deaerlLing  [be  ImectBi  .Vocfua  rjKno.] 
SohiTBrs,  E.  4.— Colorado  Citiien,  September  9,  18TP. 

[A  ghort  letter  dnfendlng  PnfpHor  Rile;  kKiloit  tbe  cksri^es  of  "iDTestlgMor."! 
Schwarz,  Zi.  A-— "Keport  of  E,  A.  Schvrarz,  of  Washington,  D.  C."     Beport  apon 
Cotton  Insects,  Department  of  Agricnltnre.  1679,  pp.  347-350. 

(Ad  scooDDt  of  Jdr.  Soliwsn'B  trip  la  the  Bkhamia  In  wareh  of  Aletla,  tofKher  with  "Be- 
marka  «n  tha  Blbamatlap  of  AlBtU-'J 
Boh^rarz,  E.  A.— "Biological  NoteonfKpIeob^iconiilocUi  Howard."    American  Nat- 
anilist,  p.  61,  January,  18B1. 

[GIvu  hablta  ofthla  Cottoa  Worm  parulte.] 
Arinpr. — NatiiraliHta'  Leisnre  Hour,  January,  1881. 
Scientific  American.— "A  Probable  Cure  for  Cotton  Worm."    October  2G,  1876. 

[BdltorUI  uotioeofthediKovery  by  SUey  that  the  oiotlia  feed  on  the  foliar  glud*.) 
Beabrook,  WUtemaisIi  B.  ~  A  Memoir  on  the  Origin,  Cultivation,  and  Uses  of  Cot- 
ton, itoxa  tbe  Earliest  Ages  to  the  Present  Time,  with  Especial  Beference  to  the 
Sen  Island  Cotton  Plant,  including  the  Improvements  in  lis  Cultivation,  and  the 
*  Preparation  of  the  Wool,  &c.,  in  Georgia  and  South  Carolina.    Bead  before  the 

Agricultural  Society  or  St,  Johns,  Colleton,  November  13,  1843,  and  the  State 
Agrlcultnral  Society  of  Sonth  Carolina,  December  6,  IH43,  and  by  both  societies 
ordered  to  be  published.    Charleston,  1~44. 

[Oq  pp.  4Z-.4S  1*  a  ihort  hialoiical  alEetcb  of  tbe  "  caterpillar  (Noclna  lylinti).  ftltb  nn  ac- 
coDDt  of  Ibemethoda  nudln  Colleton  Coanty  to  exiennlnne  Ihem;  aUoaome  remukaDpoa 
the  natural  history  of  tbetonct.] 
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SoabroolcW.  B.— "TheCottoDCaterpillitr."   American  Farmer,  H,  306.   1847.   From 
the  Charleston  Merourj. 

[3MUa  duit  lie  do«*  nut  bcUere  In  the  hlbarsMJoa  oTths  mMb.] 

SetniB  Times. — "  The  Cotton  Worm  iDvestlgatiou."    Editorial  in  BelmB  Timea,  Jaly 
21,  1880. 
Reinipr. — American  Entomologist,  iii,  p.  197(1880). 
SalmaTlmeB. — "HogBBBDeslioj-crsof  the  CottoD  Caterpillar."    September,  18T8. 
Southern  Cnltivatar.—" Cotton  Caterpillar."    1846,  p.  157. 

Souttiam  CnltiTator. — "  The  Cotton  Wonn;  its  History,  Cbaraoter,Vuitatioiw,&o.'' 
1847,  p.  137. 

[EdItorUI  uiwer  to  Dr.  Oorhani's  mlgratlaD  tbeoiT.] 
SonthemColtlTatOT.— "Destroying  the  Cotton  Hotb."    viii,  p.  132,  IKO. 
[Advoeatet  "tas^riag"  (Ortb«iiio(h  iHtb  molsuM  and  rhiegu.l 

SontUm  Cnlttvator.— "The  Caterpillar."     1869,  p.  13. 

lAdiwutM  hand-plcklnK  u  the  nnlr  anre  rimed;.) 
Sontliem  Ciiltivator.— "  The  Cotton  Worm."     lB<i9,  p.  18. 

[AdTlae*  Iha  UM  at  Dr.  Heard'i  niMh-tntp. ) 
SfMldlng,  Tbomaa.— "The  Cotton  CaterpUlar."    American  Farmer,  ii,  p.  283,  1847. 
From  the  Savannah  Republican. 

[AdTDcatea  boraluf  all  mbbiah  In  tbe  spring,  deBlro;lri  tbemotba  before  thej  la;  tbair 
•S»a.] 
Btelle,  J.  Pariah. — "Sonthem  Notes.    TheComin);  Cotton  Worm."    American  Ento- 
mologiit  and  Botanist,  ii,  p.  124,  ISTO. 

[9Utea  that  the  wona  li  alwaya  worae  alUramlld  whiter.    Glrea  dlfftrencaa  batwsM 

Stelle,  J.  Pariah.— "The  Cotton  Caterpillar."    The  Enral  AlabomJan,  i,  pp.  TB-HO, 
1672.  -   • 

lAriumenta  to  pniT«  that  ihe  ravagsa  of  the  CoUob  TTomi  are  wane  after  tk  aeTere  wis. 
ter  thas  a  mild  one.    A.  dvaerlpUoD  of  tbe  molfa  and  DOte*  npon  tbe  habits  uf  tlie  worm. 
Hood  picking  and  flru  are  advised  as  renadlaa.) 
Btelle,  X.  P.— "The  Cotton  Caterpillar.     AH  aboal  hon  to  save  the  Cotton  Crap." 
Mobile  Register,  July  5,  18r3.' 

[QlTsa  flgnrss  of  the  Inasct  and  d«acTH>ei  all  stagea,  with  a  short  acconnt  of  habits. 
Strongly  adTlaea  tbe  oba  of  Parla  grpen-    Qaotca  fyom  7tile;'i  paper  and  aaya  that  hs  hioi. 
■Hilf  tried  Bxparimtnta  the  preTioni  yeai  with  the  poison.] 
BtBlle,  J.  P. —"That  Patent  on  Paris  Oreen."    Mobile  Weekly  Register,  }iovembrr 
21,  1874. 

[Conlalna  a  lengtfaj  and  interesting  oomapoodtnoe  between  J.  F.  Stelle  and  W.  B.  Rojati. 
mlatl™  to  tbe  gionnd  coTored  bj-  BoyaU's  pstrnt-l 

Stella.  J.  P.— "Tbe  Cotton  Caterpillar  and  bow  to  combat  It  lucceBsfnlly."    Bural 
Carolinian,  v,  pp.  511-615,  1874. 

[An  aoconnt  of  habits,  with  deacrlpUon  ai>d  flgnres  of  the  Insert  In  all  ata«>d.    AdTlgeathe 
naa  of  Parla  creen.    Olvea  tbe  fonnala  fur  the  Texas  Cotton  Wonn  Deatnyer.] 
Btelle,  J.  F. — "Ants  r$.  Aletia  again."    American  Entomologist,  iii,  p.  261,  1880. 
SteUe,  J.  P. — "  Road  Dast  vi.  Cotton  Worma."    American  Entomologist,  iii,  p.  KS, 

1880. 
Stella,  J.  P.— "The  Cotton  Worm."    Sonthera  Farmera'  Monthly,  Jnue,  1880. 
Stelle,  3.  P.—"  To  aave  tbe  Cotton."    Mobile  Register,  September  4,  1880. 

(Parla  green  and  London  porple,  a  long  editorial.]  , 

SteUe,  J.  P.— "Cotton  Worms  in  Mexico."    Mobile  Ri-gieter,  February  12,  1881. 

(Quotes  the  letters  of  B.T,  Trowbrtdge,  United  Stalea  Consul  at  Tei*  Crai.  sad  K.  de  Z. 
Bsrlqnaaoftlie  asms  place;  and  qnotea  rtofessor  Hlley's  oomnMmts  In  Hm  AmeriosB  fate- 
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Itelle,  J.  P. — "  The  Cotton  Worm  InvesligatioD."    Hobila  (weekly)  Begiiter,  Jaua- 
ary  15,  1881. 
HHmpr, — Southern  Farmero'  Monthly,  April,  1881. 
ifein^r.^  GalvestuQ  Hews,  ADgnel  4,  1S81. 
[Sniomarj-  of  rainlU  ol  CommlMJOD  work.] 

IteUe,  J.  P.—"  KilliDg  Cotton  Wonnii."    From  Mobile  Register.   Selm*  Times,  July 
18,  18BI. 

[A  louK  irtlcle  wllh  Ibe  (vHovinK  mibheada:  Our  luriH  plante ;  PyvUnrni,-  Lmdm- 
Pvmla!  PariiOrtm:  Antnic.\ 


raplor,  F.  e.  K.— "A  Remedy  ibr  the  Caterpillur."    Soulbern  Caltivfttor,  1871,  p. 
385. 

[  Adiiact  tb*  u*«  of  aiwnlc  tn  Mdnilon  1 

T«xae  Jeomal  of  Comnieroe.— "  More  about  the  Cotioa  Worm."    July  31, 1680. 

{Editorial  mguthm  of  Ielt«*  IVom  Vntmiar  Biley,  ind  qnotM  Id  flill  Cinnlar  11,  nnftod 
States  BnUimologicBl  CoaimlMiIaD.] 

Thaxtar,  R. — Psyche,  ii,  p.  ;I7,  Hay-Jaoe  (9  Jnly],  IWT. 

[Saya  that  Aletla  occnn  about  SewKm,  Uaaa..  rarel;  at  lljtbt  la  September.) 
Tiel«aB«,  TVm. — "  Beport  of  Wni.  Trtleaee,  of  BrookJyn,  N.  Y."    Beporl  upon  Cot- 
ton Insecto,  Department  of  Agriaultnre,  lti79,  pp.  361-379. 

[  In  eitenilfd  dJKuHlon  of  tbe  Dituml  blitoiy  of  Aletta  and  EeUotbt*.  tmbodybig  all  of 
bla  abaerralloiia  made  in  Alabania  to  Ihi.  uuDiDer  at  1B7B.] 
Trelaa>e,  'Wm.— Psyche,  iii,  ]i.  IMi,  Marcli  [•£>  Jnly],  1960. 

[Kaport  orninstlDRorCHDibrldKeEDlomaloclcal  Clnb,  in  which  Ur.  Treleua  Mated  (hat 
the  molha  {Altlitt)  ecek  Ibe  vxiiiHoTal  ilandBoa  the  pedancie  of  Iheaweet-potala  plant  for 
food.] 

Troirbildee,  S.  T.,  and  Bnriquez,  R.  d«  Z. — "  lutereating  Cotton  Worm  Notes  from 

Vera  Ciaz."    American  Eiilomologist,  iil,  p.  179,  1880. 
Turn*!,  J.  A.— The  Cotton  Planter*.'  Mannal.     Kew  York,  1857, 

[QnatM  Dr.  Qorhani'i  article.] 
Upton.  Wb«ttIook  S.— "The  Cotton  Caterpillar."    Do  Bow'a  Heview,  ii,  p.  351, 
1846. 

[AdTleaa  aoaklng  aeada  of  oottoo  ina  eolntlanof  bloMtmie  a*  a  prerenttTa.] 
nre,  Andrew.— History  of  the  Hannfactiire  of  Cotton.     I.oniIon.  1836. 

|0n  pagea  IW  aod  ITl  of  toI.  I.  are  givrn  acooDDla  of  the  ikmfUa  in  Brltlab  Golana.  and  on 
t he  Sea  lalanda  of  GaorgU  {alwrt  and  of  lltUe  TAiDa) .  I 
Wailea,  B.  C.  Il— "  The  Cotton  Plant ;  ita  Origin  and  YariBtieB,  aad  ita  Enemies  and 
Diseases."    In  ftailes'  A^riicnltuie  and  Geology  of  Mi aaissippt, first  report,  1854, 
pp.  146-148. 

[A  abort  (ketch  of  the  Cotton  Woim,  irhlob  ha  calls  Otprntarta  s'>—VpM4a.    Ad<riiaa,aa 
■  nmedji  atCraotliis  the  niDth  by  Are*.] 
Wald(n  J.  Ctutij.— The  Cotton  Worm,     A  Treatise  on  the  Enemy  of  the  Great  Stu- 
lile,  with  thePractlcalExpeiieuceof  manyof  the  most  int«llit(ent  Planters  of  the 
Soalh  aa  to  the  means  of  deatmying  the  worm,     Nen  Orleans,  1878, 

{BUtitrv'tf  At  Cotton  Worm:  Bmr  UMy  loot  ,•  PmcnHoM;  JvttatapmmKtti  Dttiraytn 
afOitOatUK  VorrA.\ 
Walsh,  R  D.,  and  Riley,  C,  V, — "  Entomological  Ignorance  in  the  South,"   American 
Entomologist,  i,  pp.  14-16,  1868, 

[A  teTare  crltlclan  of  bd  article  Ump  KolnK  the  roandaof  Ibe  Sontbcm  pnaa,  headed,  "  Bow 
to  daacroy  tba  Cottoa  tVami—a  SagReatlon."] 
Walah,  B.  D.,  and  Riley,  C.  V.—"  Cotton  Insects,     The  Cotton  Army  Worm  (A'ootuo 
liMmi*-)  iijlina.  Say)."    Ainrricsn  Entomologist,  i,  pp.  209-212,  1869, 

[An  accoimlar  lb*  trsnifonnattona  of  tfaeCotlcD  VonD.  wftbAgnnaaiid  deacrlptlona  of 
Mch  etaf^e.  HaDd-plchlng.  daatro:rlng,tbe  moth*  b;  lira,  and  iprlnUlnc  the  planla  wltb 
aeajUs  loap  HlatiiHi,  are  ad-riaad  aa  madlM.] 
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WalBh,  B.  D.— "The  Three  So-called  Army  WonuB."     Fmcticia  EntomokigiK,  .. 

p.  lis,  1866. 
TRTell*. — Tear  Book  of  Agricultnre,  1855. 

[Flgntea  the  CdUod  Ann;  Worm.) 
DVetberbjr,  A.  G, — Beporlof  the  Proceedings  of  the  Entoniologicol  Club  oftbeA^: 
ica.Ti  AsBOCiatloa  fertile  Advancement  of  Scieuce.    Ifaahville meeting,  ISTT.    Ci 
nadiftn  Entomologist,  ii,  p.  17S,  187T. 

[A  diBonHlan  on  tbemigraUon  tbeory.byQnileudolben.] 
WUlet,  J.  B.— "hepart  of  Prof.  J.  E.  Willet,  of  Hacon,  Qo."    Beport  upon  CotWHi 
iDsects,  Department  of  Agrjonlture,  1879,  pp.  358-361. 
[FrofaHor  WlUet'*  npoct  ofobMrrMtou  dartDjt  1978.] 
WUlet,  J.  B.— "ExperimentB  with  Yeast  Ferment  on  Cotton  Wono*."    AiwTi 

Entomologist,  iii,  p.  2&9,  1H80. 
WiUlamB,  Wm.  H.— "  Why  the  Cotton  Worm  thrtres  South."    Boral  N«iF-Y«k':, 
Augnat  IT,  1157^. 

[Adiitea  polfloned  mnikmcJcnu  to  >ttnEt  motha.) 
WiB&ee,  P.— "The  Cotton  Caterpillar."    Dfr Bow's  Review,  iv,  p.  361,  1847. 
Jteimpr.-^De  Bon's  Industrial  Beaonrces  of  the  8oal  hem  and  Western  8tal«s,p.IK, 
1852. 

[Um«  ■nmmnita  ftgaiuit  Dr.  GorhUD'a  mlfnUontheorT.    Givea  perwnil  nywlEin  ni^ 
ih«  Cotton  Worm  tu  tba  Boluunaa  >  feir  jean  prevlons.] 
''Xrittlng,  Geo.—"  Capture  of  the  Cotton  Moth  iu  Janoary."    American  Entomolojm. 

iii,  p.  152,  1880. 
youmana,  B.  L. — "  Investigating  the  Cotton  Worm."     Popular  Science  HoDtUr, 
liv,  p.  406,  Jauaary,  1878. 

[Edilorlil  noUee  of  Mr.  Qrote'a  eipcditian  Sontli.  and  ezpUnMra;  of  tb«  vlfalin  1^ 

OTJ'.l 

"ZeuoB."—"  The  Cotton  Caterpillar."    Southern  Cultivator,  186tj,  p. £98. 

[An  acconnt  of  the  Ditnnl  hlatotj  gf  the  iaaeet.     States  that  (be  laat  bnxil  alaUK  » 
tbe  cLiyBalEa  atate.  undargroniid,  and  adviaee  winter  ploving-J 
Zimmennan,  J.H.— "TheCottonWoriD;  its  Character,  Hahits,  etc."   Aroetianl'oi- 
ton  Planter,  Aacust,  1855  (from  De  Bow's  Beview). 

lOivm  an  account  of  the  metuioriihoaea  of  the  Cotton  Vocm  and  Bi^  Waim.   Adi)«  •• 
remedlea  rotatlDn  of  crop*  soil  sagarliig  tor  tba  matha.] 
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CHAPTER    XV. 


INSECTS  LIABLE  TO  BB  MISTAKEN  FOB  ALETIA. 

lu  the  course  of  tbe  Cotton  Worm  iuveetigatioii,  uoufusioD  has  maiiy 
times  arisen  from  tbe  inability  of  observers,  not  practiced  entoioologista, 
to  distingniBh  Aletia  iVom  n  namber  of  allied  Noctnids.  In  tbe  first 
edition  of  this  work  tbe  case  was  especially  mentioaed  of  Aapila  vireseens, 
tbe  papro  of  which  were  plowed  up  iu  large  numbers  and  mistaken  for 
Aletia.  Other  pnpse  of  allied  sitecies  are  in  like  maoner  often  mistaken 
for  those  of  the  Cotton  Worm.  There  are  a  number  of  Noctuid  moths 
which  have  been  frei^aently  sent  to  us  during  tbe  winter  as  true  Aletias 
aud  as  furnishing  jtroof  of  tbe  hibernation  of  this  last.  In  this  chapter 
ve  desire  to  illustrate  the  characters  of  the  most  important,  such  as 
those  already  mentioned  iu  discussing  the  question  of  hibernation  (pp. 
17-19),  and  to  give,  also,  the  life-histories  of  two  species  of  the  genus 
Anomia  which  so  mnch  resemble  Aletia  in  their  earlier  states  that  tbe 
uupracticed  eye  has  great  difhculty  in  distinguishing  them.  One  of 
tbe  si>ecies,  so  frequcntlyinistaken  for  Aletia  in  its  pupa  and  imago 
states,  is  the  Boll  Worm  moth  (HeliothU  armigera  Hiibu.),  but  as  this 
species  is  considered  at  length  in  Chapter  XYI  of  this  report,  we  need 
not  refer  to  it  more  folly  in  the  present  chapter.  The  other  species 
which  we  shall  consider  in  this  connection  are:  AnomU  erosa,  A.  exacta, 
Levcania  vnipuncta,  Aapila  vireacem,  Draaieria  erechtea,  Laphygma  frugi- 
perda,  Platyki/pena  acabra,  aud  Phoberia  atomaria. 

Anomis  erosa  HUbner. 

(Plata  II,  Figs.  1,  2,  3.] 

Tbe  following  account  of  this  species  was  published  in  our  annual  re- 
port as  Entomologist  of  tbe  Department  of  Agriculture  for  1881 -'82,  and 
gives  in  sufficiently  condensed  form  the  facts  which  we  wish  to  use  hare. 
Detailed  figures  of  all  states  are  there  given  in  wood-cut: 

"  Of  tbe  numerous  insects,  the  history  of  which  we  have  traced  in  the 
last  few  years,  one  species  of  considerable  interest  may  here  be  recorded ; 
for  it  is  not  only  interesting  on  account  of  its  occurrence  upon  a  fll>er-pro- 
dncingplant,  which  some  day  may  prove  of  considerable  importance,  but 
also  on  accxtunt  of  its  relations  to  the  Cotton  Worm  {Aletia  irytiiui),  for 
which  it  might  easily  he  mistaken  in  its  earliest  stages. 
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"The  species  under  consideration  appears  to  be  quite  generally  dis- 
tribated  over  most  of  the  Gulf  States  wherever  its  foodplaot  ( Urata 
lobata),  and  possibly  other  nearly  related  plants,  are  found  growing. 

"The  belief  that  the  eggs  of  the  species  now  under  consideratiou  were 
those  of  Aletia  was  streDgthened  in  the  minds  of  those  who  first  found 
them  by  the  inference  that  after  the  disappearance  of  cotton,  Aletia 
would  have  to  search  for  other  suitable  plants  to  sustain  its  oS'apring 
until  new  cotton  should  commence  to  grow  the  following  spring;  but,  so 
far,  neither  its  eggs  nor  its  larvse  have  ever  been  discovered  upon  any  ■ 
other  plant  than  cotton. 

t'  The  eggs  of  this  Anomis,  which  so  fbr  have  been  fonnd  only  ou  the 
leaves  of  Ureua,  appear,  if  examined  with  a  common  hand-lens,  to  be 
structurally  indistinguishable  from  those  of  Aletia,  and  were  sent  to  the 
Department  from  Florida  by  Dr.  J.  G.  Neal,  with  the  assurance  that  they 
rPAlly  belonged  to  that  insect,  and  that  its  winter  food-plant  was  dis- 
covered. An  examination  under  the  microscope,  however,  showed  con- 
siderable differences,  notwithstanding  the  great  similarity  in  size  and 
sculpture.  The  color  is,  moreover,  paler,  and  not  of  the  peculiar  bright- 
green  characteristic  of  Aletia,  and  it  is  by  this  character  that  the  egg  of 
the  Anomis  may  be  diatiugnished  irom  the  other,  when  freefa,by  the  ordi- 
nary observer. 

"  The  radial  ridges  are  more  namerous,  ranging  between  35  and  40, 
and  the  transverse  riba  from  12  to  14.  The  radiating  rit>8  of  the  Aletia 
egg  are  considerably  rounded,  with  the  spaces  between  them  rather 
narrow,  appearing  like  deeply-impressed  striie,  while  the  ribs  of  (be 
Anomis  egg  are  sharp  and  triangular  if  viewed  from  above,  with  the 
epacea  between  them  shallower  and  broader.  The  intersection  of  the 
transverse  with  the  radial  ribs  of  Aletia  are  not  sharp,  and  are  only 
marked  by  low,  rounded  elevations.  Another  qnite  marked  feature  'Of 
the  eggs  of  Aletia  is  the  arrangement  of  the  radial  ribs  in  five  groups, 
connected  with  each  other  by  an  elevated  ridge  which  forms  aronnd  the 
center  a  large  pentangular  cell,  into  each  angle  of  which  one  of  the 
radial  ribs  terminates,  the  other  riba  between  them  being  somewhat 
shorter  and  connected  by  the  terminal  transverse  rib.  This  arrange- 
ment is  quite  noticeable  in  fresh  eggs,  but  still  more  in  dry  ones.  The 
radial  ribs  in  this  Anomis,  however,  are  not  arranged  in  .separate 
groups,  and  the  longest  ones  surround  the  center  in  a  perfect  circle  with- 
out terminating  in  a  ciroam-central  rib. 

"This  Ureua  Anomis  is  exclusively  a  Sonthem  species,  and  it  con- 
tinues breeding  with  scarcely  any  Intermission  thronghont  the  whole 
year.  Moths  have  been  captured  in  various  parts  of  the  South  fipom 
August,  throughout  the  winter,  till  May,  and  the  eggs  and  larvee  of  dif- 
ferent sizes  are  fonnd  in  Florida  throughout  the  winter. 

"  The  general  habits  of  the  larvs  are  quite  similar  to  those  of  Ale- 
tia, though  as  a  rule  the  Anomis  larvte  are  less  active,  especially  after 
they  have  attained  one-half  their  growth.    The  uewly-hatched  larve 
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are  atmoBt  iDdistrngaisfaable  firom  those  of  Aletia,  both  being  of  the 
same  size  and  of  the  same  pale  color.  The  former  may,  however,  be  at 
once  recognized  by  the  first  and  second  pairs  of  prolegs  being  entirely 
obsolete,  whereas,  notwithstanding  their  minnte  size,  the  second  pair 
is  always  present  in  Aletia.  In  this  stage  the  larvee  are  most  active 
and  nervous,  and  are  usoally  foaod  feeding  on  the  lower  side  of  the 
leaves,  which  they  resemble  so  much  in  color  that  it  is  difflcnlt  to  detect 
them  when  at  rest. 

"  They  stretch  to  their  fullest  length  when  resting,  bat  very  often 
may  be  seen  in  a  position  similar  to  that  of  the  larvEe  of  Qeometrids, 
and  will  then,  If  distnrbed,  leap  from  their  hold  and  hang  suspended  by 
a  thread,  which,  after  a  short  rest,  they  will  climb  with  great  rapidity. 
The  mode  of  climbing  is  very  interesting.  The  head  is  suddenly  bent 
downward,  first  to  one  side  and  then  to  the  other,  and  each  time  the 
thread  is  gra8i>ed  with  the  thoracic  legs  when  the  head  is  lowest.  Grow- 
ing larger,  they  become  more  and  more  sluggish,  and  can  seldom  be 
iudaced  to  spin,  but  usually  hold  to  the  leaf  very  tenaciously,  so  that 
some  force  is  needed  to  remove  them.  If  distuibed  they  will  try  to 
escape  in  a  looping  gait  which  is  similar  to  that  of  Aletia.  The  full- 
grown  larvfe  asually  assume  a  very  peculiar  position  when  at  rest.  The 
body  is  bent  at  about  tlie  middle  in  such  a  way  that  both  halves  lie  close 
to  each  other  so  as  to  form  a  long  and  narrow  loop,  and  the  larva  re- 
mains in  this  position  sometimes  for  hours. 

"  The  principal  time  of  feeding,  as  observed  in  the  vivariam,  appears 
to  be  at  night,  and  the  larva  usually  rests  dnring  the  day  on  the  lower 
side  of  the  leaves.  The  smaller  larvee  eat  only  the  softer  parts,  leaving 
the  ribs  untouched,  but  the  older  ones  gnaw  large  irregular  portions 
from  the  edge  of  the  leaves,  and  will  often  consume  two  thirds  of  a  leaf 
>n  a  single  night.  They  also  have  the  habit  of  devouring  their  own  cast 
skins,  sometimes  not  even  leaving  the  head,  and  the  uewly-hatched 
worms  will  frequently  feed  upon  the  empty  egg-shells  before  attacking 
the  leaf.  We  have  In  one  instance,  however,  observed  a  young  larva 
which  had  only  partly  issued  from  the  egg  already  at  work  gnawing 
the  leaf. 

"In  March  last  [1882]  we  still  found  the  larvie  of  all  sizes  on  the 
Urena -around  Crescent  City,  Fla.,  but  failed  to  find  any  trace  of  them 
on  any  other  plant.  This  has  also  been  the  experience  of  Messrs.  Neal 
and  Hubbard,  who  were  instructed  to  make  observations  on  this  point. 

"The  moth  (Plate  II,  Fig.  3}  was  first  figured  by  Hiibuer  (Zutr.,  287, 
288),  and  is  fully  described  under  the  name  of  Oosmophila  eroaa,*  by 
Guen^e,  who  deaoribes  the  larva  in  a  few  words  and  gives  it^  food  plant 
as  Sibiacm.  It  occnm  in  South  America,  the  specimens  from  Brazil 
being  darker  and  brighter  than  ours,  according  to  Guen^e.  The  many 
specimens  we  have  bred  and  captured  show  comparatively  little  varia- 
tion.. The  color  of  the  basal  half  of  the  front  wing  is  bright  yellow, 

.  'Hist.  Gen.  d.  Ine.  Up.,  KootnfiliUs,  II,  p.  395. 
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speckled  more  or  less  iateusely  with  ferrnginous  or  brown.  The  pos- 
terior half  is  deeper,  with  olivaceous  and  brown  shades,  and  with  more 
or  less  of  lilaceons.  The  hind  wings  are  dnll-yellowisb,  more  or  less 
shaded  with  reddish  brown.  The  markings  are  withal  so  aniqne,  as 
shown  in  the  figure,  that  the  species  cannot  well  be  confounded  with 
any  other, 

"During  winter  the  time  elapsing  from  batching  to  maturity  has 
averaged,  in  our  vivaria,  aboat  seven  weeks,  bat  development  will  be 
much  more  rapid  during  summer. 

"  Should  the  Urena  ever  be  cultivated  for  its  fiber,  this  its  chief  enemy 
will  readily  be  destroyed  by  the  same  methods  recommended  against  the 
Cotton  Worm. 


"Anomibbrosa,  Hilb.—Ejj.— Diameter  0.8"",  circalar,  flat  below ;  tbe  upper  aar- 
foce  varies  aomewhat  Id  convexity,  in  some  beiog  almost  herniapheiical,  wbiliit  wiih 
others  it  u  qaite  flat,  in  geDeml  shape  and  size  temlndiDg  one  of  the  egg  of  Jlelia 
xi/li»a.  Color,  pale  yellow isli-groeD,  almost  of  the  same  aliotle  as  the  lower  side  of  tbe 
leaves.  The  nnmber  of  ribs  which  mn  from  the  base  toward  the  snmmit  varies  in 
diSerent  eggs  from  31  to  38.  Of  these  ribs  from  11  to  13  reach  to  about  one-fourth 
the  diatancB  above  the  base,  5  to  7  half  way  toward  the  aummit,  Hn<I  16  to  18  to  near 
the  samDiJt.  The  apace  between  these  riba  is  divided  qaite  constantly  b;  l:j  low 
iraasvorao  ribs,  which  at  the  intersection  nith  tbe  radiatiDg  riba  form  a  amoll  though 
quite  sharp  triangnlar  point,  which  ia  especially  conBpicnoua  in  tbe  empty  egg.  The 
spaces  between  theae  ribs  forni  shallow,  aqnarieh  deprcsaiaos,  which  are  finely  gran- 
nlated.  The  summit  is  almost  smooth,  aarrounded  with  three  aeries  of  amall,  rounil- 
iah  cells,  which  become  larger  awaj  from  the  center,  and  beyond  these  ODOther  series 
of  three  rows  of  larger  cells  of  diflferent  shapes,  thoagh  more  or  less  sqnariab. 

"Larva  (Plate  II,  Fig.  l).^I^rsi  tlage. — Length  of  tbe  newly-hatched  larva,  2""". 
Color  very  pate  green iab-yellow  along  the  dorsum,  white  and  transparent  toward,  the 
aides;  h«a(1  pale  yetlowisb,  without  any  markings;  eyes  black,  tips  of  mandibles 
brown.  Antennie  abort, 3- jointed;  lirat  Joint  stout,  very  abort  and  somanhat  conical; 
second  Joint  longest,  clavate,  its  tip  obliqnely  tinnoatc  externally,  bearing  at  inner 
and  outer  angles  a  stoat  spine,  which  is  a  little  louger  than  tbe  third  Joint;  third 
Joint  shorter  than  second,  cylindrical,  with  a  small  tubercle  at  tip,  reaembling  a  fourth 
Joint,  and  provided  at  ita  tip  with  a  fine  hair;  at  tbe  inner  side  of  the  third  Joint,  at 
base  of  the  apical  tubercles,  arises  a  stout  apiue  which  is  almost  as  long  aa  the  Joint 
itself.  Filiferoua  warts,  pale  brownish,  each  bearing  a  long  and  slender  pale  hair. 
Legs  rather  long,  white;  only  two  pairs  of  abdominal  prolegs,  sitnated  on  joiuta  6 
and  9. 

*'  Second  stage.— Tho  first  molt  tabes  place  seven  or  eight  days  after  batching ;  at 
this  time  tbe  laivus  differ  from  tho  newly-hatched  apecimena  only  in  the  somewhat 
larger  size  and  slightly  darker  color. 

"  Third  itage. — In  from  six  to  seven  days  the  second  akin  ia  cast,  and  with  thia  molt 
appears  the  third  pair  of  abdominal  legs  on  Joint  7.  They  are,  however,  exlremelj 
amall  and  acarcely  noticeable;  they  are  not  nsod  in  walking,  The  color  now  ia  a 
darker  green,  lighter  toward  the  sides,  and  with  a  pair  of  rather  indistinct  whitiah 
dorsal  atripea.  Head  highly  polished,  pale,  faintly  greenish,  with  two  pale,  dnaky 
oblique  stripes.  Cervical  shield  alightly  iluaky,  with  a  darker  poatenor  margin. 
Piliferous  warts  block,  the  hairacolorless.  Tbe  alidomiual  legs  are  marked  Bxt«mal1y 
with  a  broad  dnaky  stripe. 

"Fourth  ttage. — Tbe  third  akin  ia  caat  six  or  seven  daya  after  the  aecond  molt.  The 
laiva  ia  now  almost  of  the  color  of  tbe  leaves,  and  meaaurea  about  14'°'°  in  length. 
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Tlie  ordinnry  lines  appear,  the '  medio- dor&ir  nud  the  somenb&t  ^a.vj  sDpra-Btigiu.i- 
tal  darker  'than  the  rest  of  the  bod; ;  the  anbdorsal  Aud  traoverse  SDturea  whit«. 
The  prolegs  on  abdomiual  Joint  7  are  non-  qnit«  distinct,  though  rather  amall,  and  are 
need  in  walking. 

"F\ftk  ttage. — The  fonith  akin  is  cast  tbi«e  to  fire  daja  later,  the  larvee  having 
ohaneed  very  little  in  appearance,  except  thftt  the  dnraal  npd  lateral  lines  and  the 
pilifferoaa  warts  are  distinctly  dusky. 

"Sixth  il<tge.—Fiv6  or  six  days  later  the  fifth  skin  is  shed,  and  the  larva  does  not 
change  in  appearance. 

"SrceniA  ttage. — The  aixlh  molt  takes  place  about  five  days  aft-er  the  fifth,  and  the 
whole  appearance  of  the  iniiect  is  coimiderably  changed.  The  color  ia  pate,  translu- 
cent, pea-green.  The  head  is  not  xKiIished,  of  the  color  of  the  body;  the  tno  oblique 
daekyBtripeaarecomposed  of  several  irregnlar  spots;  tbe1abruiniBwhite,antenurapale 
greenish,  and  the  eyes  black.  The  mcdio-doreai  and  subdorsal  liuea  are  cnmpoaed  of 
nnmerous  irregnlar  spots  of  a  lemon-yellow  color,  the  former  with  a  more  or  less  dis- 
tinct dusky  shade  on  either  side ;  the  snpra-stigmatal  line  is  quit«  broad  and  almost 
white,  and  is  alsorelievedby  a  dusty  shade.  Piliferonswarta  pale  yellow,  surrounded 
by  tranBYersely  oval,  indiatinct,  dusky  rings.  The  whole  body  is  speckled  with  nn- 
nietous,  usually  transversely  oval,  small,  lemon-yellow  spots,  which  inclose  from  two 
to  three  almost  colorless,  glistening,  round  dots.  Btigmata  orange.  Lege  pale  gi«en: 
claws  and  hookleta  pale  brown ;  venter  blnish'green. 

"Length  of  fuH-grown  larva  atwut  35""  (IJ  inches). 

" ruiw.—C Plate  II,  Fig.  2.)— Length,  15°"".  Color,  blackish-brown;  wing-sheaths 
opaque,  tbeiemaiuing  portion  faintly  polished.  Front  of  head  prolonged  into  a  short, 
stout,  conical  projection;  near  its  buse  venCrally  are  two  fine  and  quite  long  hairs 
aud  two  similar  pairs  dorsally  near  insertion  of  antennn.  Eyes  prominent  and  oon- 
siilerably  polished.  Legs  reaching  to  tip  of  wing-cases;  antennie  shorter.  Median 
line  of  protborax  quite  sharp  and  carinale,  median  line  of  mesolliorox  faintly  ele- 
vated, somewhat  polished.  The  whole  anterior  portion  of  body  Imely  and  closely 
granulated.  Metathorax  and  the  three  followiug  abdominal  joints,  with  uamer- 
ous  shallow,  circular  depn'ssions,  each  having  a  central  granule.  The  circnlar  de- 
pressioas  on  abdomiual  joints  4-8  are  somewhat  larger  and  their  mnrgin  is  slightly 
elevated;  the  posterior  IhiiS  of  Joints  4-6  is  of  a  lighter  color  than  the  rest  of  the 
body  and  very  closely  aud  qnite  coaruely  granulated,  while  the  posterior  tliird  of  ab- 
domintkl  joints  7  and  8  ia  polished  aud  not  granulated.  The  last  joint  is  very  pecu- 
liarly formed ;  its  tip  ia  broad  and  protonged  each  side  into  a  short,  stout,  and  sharp 
tooth  directed  forward,  and  lietween  these  two  is  a  pair  of  slender  and  also  briatle- 
hke  spiues,  directed  forward  and  with  their  tips  curved  in  the  shape  of  a  loop ;  an- 
other pair  of  simiiar  bristle-like  spines,  which  are  directed  forward  aud  iuward,  are 
sitnated,  one  at  each  side,  on  a  sraall  projection  at  the  base  venlrally  of  tbe  stout 
lateral  teeth,  and  between  these  ia  a  targe  projection  which  is  armed  at  its  edge  with 
twoIarge,stODt,  claw-like  teeth,  which  stand  atright  angles  to  thebody  of  the  pnpa. 
The  anal  swelling  is  smooth,  circnlar,  and  qnite  prominent ;  the  remaining  portions 
of  the  tip  are  marked  with  coarse,  elevated  ridges,  boih  doisally  and  ventcally,'' 

Tbe  opinion  expressed  above  tbat  this  ia  exclusively  a  Southern  spe- 
cies is  to  be  modified  somewhat  by  the  finding  of  the  eg^a  and  larvie 
qnite  abnodantly  in  September,  18S2,  on  Abutilon  aviceatKc  at  several 
localities  in  tbe  District  of  Columbia.  On  September  21,  tbe  largest 
larva  was  nearly  an  inch  long,  and  on  October  3  it  span  up  and  trans- 
formed to  pnpa.  The  first  moth  issued  October  15,  and  on  October  IG 
several  moths  were  captured  at  sugar.  On  October  22,  quite  a  large 
number  of  larvee  of  all  sizes,  from  those  just  hatched,  to  the  nearly 
full-growu  individuals,  were  found  feeding  ou  the  same  plant  at  Ivy 
City,  D.  0.,  and  October  25,  eggs  and  young  larvte  were  foand  on  the 
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leaves  of  Malva  rotundifolia  at  Giesborongb  Point,  D.  C.  The  moths 
from  these  larvs  began  iasaing  December  1,  and  more  than  a  dozen 
bad  made  their  appearance  by  Dec.  i. 

Anohis  tezana  n,  sp. 

[Plate  II,  Figs.  4, 5,  6.] 

Another  species  of  the  genas  Anomis,  determined  by  Mr.  A.  B.  Orote 
as  A,  exacta  Hiibn.  (and  bo  marked  ou  our  plate  II),  but  which  is  really 
quite  distlDct  from  that  species  ",  occurs  in  parts  of  the  Soatfa.  A. 
exacta  is  one  of  the  so-called  West  Indian  forma  of  the  genua,  and  ap- 
pears in  the  British  Museum  Catalogue  from  Santo  Domingo,  Vene- 
zuela, and  Para,  but  does  not  occur,  so  far  as  we  know,  in  the  United 
States.  The  species  under  consideration  hitherto  confounded  with  it, 
occurs  in  Texas  and  we  have  described  it  as  Anomis  texana.  In  the 
summer  and  fall  of  1878,  a  number  of  pupte  and  one  laira  were  col- 
lected by  Jadge  William  J.  Jones,  then  one  of  our  field  ugents,  at  Vir- 
ginia Point,  near  Galveston,  Tex.  Most  of  these  were  reared  to  the 
adult  state.  The  larvte  and  pupie  are  strikingly  like  those  of  Aletia, 
bat  careful  observation  will  enable  one  to  distinguish  tbem.  The  moth 
can  be  distinguished  at  a  glance. 

The  full  grown  larva  (Plate  II,  Fig.4)  seems  precisely  like  Aletiastmct- 
nrally  even  to  the  minutest  dots  on  the  head  and  the  position  of  the 
piliferous  spotsj  but  in  reality  it  differs  in  lacking  the  first  pair  of  pro- 
legs,  which  are  not  only  atrophied  but  entirely  aborted.  It  is  distin- 
guished by  the  more  confused  and  mottled  coloration ;  the  medio-dorsal 
line  is  more  broken  and  is  illy  defined  j  the  dorsum  proper  is  more  varie- 
gated with  olivaceous;  the  subdorsal  and  supra-stigmatal  lines  are 
also  less  distinctly  defined  and  are  narrower  and  more  broken.  The 
stigmatal  region  is  more  mottled  with  pale  and  dark  olivaceous,  verging 
upon  ferruginous,  and  the  piliferous  spots  are  not  relieved  by  the  SMue 
bold  white  annulusj  the  stigmata  have  a  narrower  black  border,  and 
the  black  spots  of  head  and  anal  shield  are  smaller,  while  the  reticulate 
veining  of  the  head  is  of  a  deeper  brown.  The  front  pair  of  abdominal 
legs,  as  juat  stated,  is  at>orted,  with  no  trace  of  hooklets. 

In  structural  characters  the  pupa  (Plate  II,  Fig.  5)  seems  identical 
with  Aletta.  It  may  be  distinguished  by  the  fact  that  it  is  somewhat 
smaller,  darker  in  color,  not  so  glossy  as  Alelia,  and  is  somewhat  more 
coarsely  granulated. 

The  moth  (Plate  II,  Figs.  6,  6a)  is  well  represented  on  the  plate  and 
will  require  no  extended  description. 

Leucakia  tjnipuncta  Haworth. 

[Plate  V.j 

This  insect,  well  known  in  this  oonntry  in  its  larva  state  as  the 

''  Northern  Army  Worm,"  has,  first  and  last,  occasioned  a  great  deal  of 

discussion  and  even  'controversy  in  agricultural  reports  and  joomals 
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for  the  laat  twenty-flve  years.  The  most  recent  as  well  as  the  most 
complete  accouot  of  the  species  forma  oar  Chaptei  YI  of  the  Third  Ite- 
port  of  the  Commission,  and  in  this  coQDectioD  it  is  Qonecessary  to  re- 
peat the  details  there  given.  The  reader  is,  rather,  referred  to  Plate 
y,  where  the  general  appearance  of  the  insect  ia  its  different  states  is 
well  illustrated. 

The  species  is  one  of  very  wide  range.  It  is  found  in  its  greatest 
abundance  in  temperate  North  America,  but  is  also  common  in  northern 
Sonth  America,  India,  Java,  Australia,  New  Zealand,  and  has  been 
captured  od  the  island  of  Madeira,  on  the  Isleof  Wight,  and  at  Lewes, 
South  England.  It  is  found  throughout  tho  United  States,  bat  is  in- 
jnrionsly  abundant  at  intervals  principally  in  the  more  northern  and 
eastern  portions. 

The  eggs  (Plate  V,  Fig.  1)  are  secreted  at  the  bases  of  cereal  plants,  in 
the  folds  of  grass  blades,  and  in  the  sheaths  surrounding  the  stalks.  They 
are  nsnally  laid  in  strings  of  from  fifteen  to  twenty,  and  each  female  moth 
may  deposit  as  many  as  seven  hundred  or  more.  The  eggs  are  laid 
more  abundantly,  and  the  Inrvse  consequently  apt>ear  more  abundantly, 
in  the  vicinity  of  old  fotldcr-stacks  or  in  spots  where  the  grass  grows 
ranker  or  in  tufts.  The  worms  (Plate  V,  Figs.  2,  3,  4,  5)  normally 
feed  in  a  more  or  less  concealed  manner  on  the  grasses  or  grains,  and 
in  seasons  of  exceptional  dryness  sometimes  appear  in  enormous  num- 
bers and  march  from  one  field  to  another  in  immense  armies.  They 
pupate  under  ground  (Plate  V,  Fig.  7). 

There  are  three  broods  annually  in  northern  Illinois,  and  possibly  or 
exceptionally  four,  and  this  same  number  will  probably  bold  for  all 
points  between  the  Ohio  River  and  the  great  lakes,  and  north  to  cen- 
tral K6w  York.  Further  south  the  number  increases,  and  in  winters  of 
exceptional  mildness  the  development  of  [lie  insect  is  not  cUcckcd  for 
any  length  of  time,  and  its  growth  is  only  somewhat  retarded.  Thus 
at  Washington,  in  the  calendar  year  13S2,  there  were  hve  generations. 

The  insect  hibernates  at  the  Nortb  normally  in  the  condition  of  a  half- 
grown  larva,  and  at  the  South  normally  in  that  condition  and  as  a  moth. 
It  is  in  this  latter  state  that  it  has  frequently  been  captured  and  sent 
to  us  as  Aletia,  the  general  coloration  adding  much  to  the  resemblance. 

A6PILA  viKESCENS  (Fabr.).* 

[Plate  LSri,  Fig.  4.] 

This  species  is  not  uncommon  throughout  the  Southern  States,  and 
has  been  mistaken  for  Aletia  only  in  its  pupa  state,  and  it  is  in  tbis 
condition  alone  that  any  resemblance  between  the  twofipecies  is  observ- 

*  This  is  quoted  from  the  'Wwt  lodies,  but  v/e  believe  it  to  be  the  samo  us  tbnt  wliii'b 
JD  onr  Lists  is  given  aa  Ckloridea  rhrxia,  and  wbicb  J.  B.  Smith,  in  his  Bevision  of  the 
Heliotliiaui  [Trans.  Am.  Ent.Soc..  x,  p.  220),  places  id  Heliothis.  From  uotea  made  at 
the  British  Maseum  aad  from  a  series  of  speciniens,  iucliidlDg  three  from  Brazil  ami 
Texas,  we  couclnde  that  rhexiie  1b  ByuonrinotiB  with  riretcetti,  the  variation  betweeit 
tham  not  being  spe^ilc  ". 
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able.  We  Lave  already  mentioued  (p.  17)  an  iDstauce  in  whicli  tlie 
plowing  up  of  a  number  of  tbe  pupse  of  this  species  was  considered  ab- 
solute evidence  of  tlie  underground  hibernation  of  Aletia,  and  indeed 
to  separate  the  two  species  in  this  state  requires  a  trained  eye.  In  gen- 
eral appearance  the  pupa  of  rJiexia  is  lighter  in  color  and  has  a  blunter 
anal  extremity  than  that  of  Aletia.  The  chief  distinguishing  character 
can  be  readily  seen  with  a  band  lens,  and  consists  of  two  long,  slender 
thorns  projecting  from  the  anal  end  of  tbe  body  and  converging  until 
their  points  meet. 

The  larva  feeds  ujwn  Solanaceoiis  plants,  and  we  have  bred  it  from 
SoUiMim  seigliitfje  and  Physalia  riscosa  at  Saint  Louis,  where  the  former 
plant  is  very  rare.  A  description  of  the  larva  is  given  in  Note  16.  The 
motb  is  smaller  than  Aletiii,  and  lias  olivaceous  front  wings  crossed  by 
three  light  bauds,  each  I'elieved  by  a  darli  greenii^h  shade  on  its  outer 
order;  the  hind  wings  are  silvery  white,  sbghtly  tipped  with  dusky. 

Drasteria  erechtea  (Oramer). 

[Plate  LXn,  Fig.  5.) 

This  common  motb  is  indigenous  to  North  America.  It  is  found  from 
Hudson's  Bay  to  the  Gulf  of  Mexico,  and  west  to  California.  In  the 
British  Museum  Catalogue  it  is  stated  that  the  Hudson's  Bay  specimens 
are  hardly  more  than  half  tbe  size  of  those  from  New  York,  and  Mr. 
Grote  [Canadian  Entomologist,  VII,  p.  iH)  states  that  while  the  California 
specimens  agree  with  tbe  typical  form  from  the  East,  they  are  larger. 
There  is  atso  a  seasonal  di£ference  in  size,  and  wc  already  remarked  in 
1869  {American  Entomologist,  I,  p.  206),  "We  have  observed  that  the 
spring  brood  of  this  insect  are  always  sever.ll  sizes  smaller  than  tbe 
autumnal  brood,  and  at  one  time  we  supposed  the  two  forms  to  belong 
to  distinct  species."  We  have  since  abundantly  verified  Ibe  fact  of  the 
generally  smaller  size  of  the  vernal  as  compare<l  with  the  autumnal 
forms,  and  it  has  been  recognized  also  by  others  (see  Taekard,  Papilio, 
II,  pp.  147-148).  Eggs  obtained  by  us  from  alurgcfeimile,  October  I-l, 
1881,  hatched  October  .31,  and  the  moths  itssued  from  Jiiniiary  9  to  April 
30,  1882,  all  being  of  the  smaller  size.  The  colorational  variation  occurs 
in  all  broods  and  is  so  great  as  to  have  gi\'en  rise  to  some  eight  differ- 
ent synonyms. 

While  the  larvie  of  this  moth  have  never  occurred  in  what  may  be 
called  injurious  numbers,  yet  feeding  aa  they  do  on  grass  and  clover, 
they  occasion  a  constant  drain  upon  forage  crops.  In  one  instance  they 
have  l>een  sent  to  as  as  feeding  on  Cottonwood  {Colman^s  Rwral  World, 
January  26, 1876).  The  adnlt  is  familiar  to  almost  everyone  who  has 
traversed  a  meadow  as  the  little  darting  moth  which  often  ilies  up  be- 
fore one,  dropping  a  few  yards  away  and  concealing  itself  at  the  base 
of  some  clump  of  grass.  In  the  Northern  States  there  are  two  annual 
generations,  and  tbe  insect  hibernates  as  a  pupa.    In  the  middle  lati- 
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tndes,  as  at  Wosbington,  aud  9aint  Louis,  there  are  three  generatioos, 
tlie  species  Mbernatiiig  both  as  larva  and  imago,  while  in  theSoutlithe 
motbs  are  abandantly  found  during  the  winter  months,  and  are  fre- 
quently mistaken  for  Aletia.  The  species  will  he  readily  recognized 
from  tlie  accompanying  figures  (Plate  LXII,  Fig,  6«,/},  which  show,  also, 
the  variation  which  we  have  obtained  from  the  same  batch  of  larvs. 
We  first  reared  this  species  from  the  larva  in  1872,  and  have  frequently 
obtained  eggs  laid  io  cooBnement  by  captured  females.  They  are  de- 
posited ou  grass  leaves  and  apon  the  surface  of  the  ground  in  the  breed- 
ing cages,  as  well  as  upon  the  muslin  covering  the  smaller  breeding 
jars.  One  female  was  observed  to  deposit  112  eggs.  The  newly  hatched 
larvffi  are  pale  greenish- yellow  in  color  aud  are  very  active,  moving  with 
a  looping  gait.  The  fall-grown  larv^  are  grayish-yellow,  marlted  with 
two  broad,  blacliish,  somewhat  interrupted  dorsal  stripes.  They  are 
described  by  William  Saouders  in  the  Canadian  Entomologiit  for  Jane, 
1876.  Of  t^e  eggs  and  pupe,  which  have  not  previously  been  carefully 
described,  we  submit  descriptions  in  the  Dotes.*"" 

Laphtgma  feugiperda  {Abljot  and  Smith}. 

[Plate  LXII,  Fig.  3.] 

The  larva  of  this  insect  is  commonly  known  throughout  the  South  as 
the  "  Grass  Worm,"  and  although  usually  noticed  in  moderate  numbers 
eating  out  the  wild  grass  between  cotton  rows  and  elsewhere,  and  so 
doing  good  rather  than  harm,  still  there  occur  at  irregular  intervals 
sensons  in  which  it  api)eBrs  in  euormouB  numbei'S,  eats  out  the  grass, 
"rags"  the  cottou,  eats  the  corn  leaves,  and  utterly  destroys  the  crops 
of  the  vegetable  gardens  over  more  or  less  extended  parte  of  the  coaatry. 
These  destructive  appearances  usually  occur  late  in  the  summer  or  in 
the  fall,  aud  for  this  reason  iu  our  Third  Missouri  Beport  we  gave  it  the 
title  of  the  "  Fall  Army  Worm,"  describing  it  under  the  scientific  name 
of  Progenia  autumnalis,  with  two  vf  its  more  marked  varieties,  obscura 
(Plate  LXII;  Fig.  2c)  anA/ulvosa  (Plat«  LXII;  Fig.  2b).  The  larva  is 
figured  in  the  Missouri  report  jnst  alluded  to  and  in  our  annual  report 
as  U.  S.  Entomologist  for  1881-'82  (Plate  VII;  Fig.  4). 

Although  the  great  majority  of  planters  distlngoish  between  the 
"  Grass  Worm  "  and  the  "  Cotton  Worm,"  yet  it  is  owing  to  a  mistaking 
of  the  former  for  the  latter  that  many  accounts  of  a  diversity  of  food- 
habit  ou  the  part  of  Aletta  have  been  published.  The  two  insects  are 
quite  dissimilar  in  appearance,  and  iu  habit  still  more  so.  The  Grass 
Worm  transforms  to  a  naked  papa  beneath  the  surface  of  the  ground, 
and  hibernates  in  this  condition. 

'  Sioce  this  tras  ^vrilten.  Prof.  O.  H.  Fnneh  hu  pnbliahed  (Fajrilio,  Vol.  IV,  Noa.7 
and  8.  Sc^tomber-Ootober,  1884,  p.  14B)  length;  dMcriptlona  of  all  of  tbe  preparatory 
stHtn  of  1  hit  iipeolee. 
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Flatyhtpena  scabba  (Fabr.). 
(Plate  LXII,  Pig.  1.] 

This  motli  is  common  in  almost  every  portion  of  tlie  United  States, 
and  tbrougbout  the  Sooth  it  flies  during  tbe  winter  on  all  warm/sunny 
days.  Hence,  iilibougli  quite  dissimilar  to  Aletia,  it  has  boen  tte- 
quently  mistaken  for  tliiu  tooth,  and  sent  to  na  tis  evidence  of  the  adult 
hibernation  of  Aletia.  In  the  larva  state  we  have  found  it  feeding  upon 
clover  and  grass  at  Saint  Louis,  transforming  to  pnpa  within  tn-o  or 
three  leaves  loosely  webbed  together.  At  Washington  we  have  also 
reared  it  from  Solidago.  There  are  two  or  three  annual  generations  in 
the  latitude  of  Washington,  and  more  In  the  Cotton  States. 

The  larva  and  pupa  were  described  by  Professor  Gomstock,  in  the 
Annual  Report  of  the  Department  of  Agriculture  for  1879,  p.  252,  the 
larva  only  oolorationally ;  while  the  larva  was,  acain,  very  imperfectly 
described  by  Mr.  D.  W.  Coqnillett,  in  the  Canadian  Entomohaist,  Vol. 
Xir,  p.  43  {ISdO}.  Tbe  larva  lacks  tbe  first  pair  of  prolegs,  and  in  gen- 
^nil  appearance  looks  much  like  ^  green,  immaculate  specimen  of  the 
Cotton  Worm,  like  which  it  also  acts.  Wo  have  bred  from  this  larva 
at  Washington  the  Chalcid  parasite  Suplectrus platuhypente  Howard.  ' 

PhobeBia  ATOUABI8  (Hiiboer). 

[Plate  LXII,  Fig.  3.| 

This  is  a  very  common  moth  throughout  the  Southern  States.  It  waa 
Agurcd  and  described  by  HUbner  in  his  Zatr&ge  znr  Sammlnng  exotis- 
«her  Schmettlinge,  and  is  mentioned  by  Onen^  as  figured  in  an  nnpab- 
lished  dravriug  by  Abbot.  We  are  unable  to  learu,  however,  that  the 
«arly  states  have  been  published.  This  moth  has  been  frequently  sent 
to  us  from  the  South  during  the  winter  by  observers  who  mistook  it  for 
Aletia,  and  waa  captured  by  Judge  J.  P.  Bailey  at  Marion,  Ala.,  Feb- 
ruary 16, 1880,  while  feeding  on  the  nectar  from  the  blossoms  of  the 
Mock  Orange  (Cerasut  caroUriensis).'    (See  note  19.) 

'  JmcHoofi  BnUmologiit,  UI,  p.  7T,  HiiToh,  ISSO. 
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THE  BOLL  WORM. 

{Heliothit  armigera  Hubner). 

Oid«T  Lepidoptbba  ;  family  KocTumjEi. 

[Plates  III  aud  IV]. 

INTEODUOTORY. 

The  Boll  Worm  may  very  appropriately  be  classed  as  among  tlie 
foremost  of  the  flrBt-clA«8  iDJnrioas  iasecta.  The  amount  of  damaf^ 
vbicb  it  does  in  the  conrse  of  a  year  to  one  crop  or  another  is  very 
great.  la  many  parts  of  the  South  it  is  the  chief  enemy  known  to  cot- 
ton ;  while  there  can  be  little  donbt  that  the  corn  crop  suffers  more 
from  its  attacks,  year  in  aud  year  oat,  than  from  any  other  one  enemy, 
the  chinch  bag  not  excepted.  With  tomatoes,  pen»,  and  beans,  though 
the  general  injury  is  not  great,  yet  occasionally  the  crops  of  certain 
sections  suffer  very  severely.  The  annual  drain  upon  the  resources  of 
the  coontary  from  this  one  insect  may  be  illastrated  by  a  few  quotations 
ftt>m  Soathero  newspapers  aud  from  the  correspondence  of  the  Depart^ 
ment. 

Jndge  JohDsoD,  of  Holly  Springs,  Miss.,  says  in  his  report :  "  Of  all 
the  iqjnries  to  cotton  in  this  lotitnde  none  can  compare  with  the  Boll 
Worm,  for  it  is  universal  and  a  regalar  annual  visitor. 

"  This  worm  is  far  more  iiyurious  in  this  part  of  Mississippi  than  the 
Cotton  Army-worm  or  any  other  insect  pest." — [Prof,  R.  W,  Jones, 
Ozf<»d,  Hiss. 

*'  From  aS\  directions  come  disconraging  reports  of  the  cotton  crop. 
The  Boll  Worm  has  done  its  work  of  devastation  so  thoroughly  that 
there  is  now  no  hope  of  a  greater  yield  than  one  bale  to  eight  acres,  and 
in  some  few  cases  proprietors  will  not  put  pickers  to  work  or  give  their 
crops  farther  attention."— [Statistittal  Beport  from  Grayson  Oouiity, 
Texas,  1880. 

"  Ezamioatioa  into  cotton  fields  in  difierent  portions  of  this  county 
satisfy  cotton  men  and  farmers  that  the  damage  of  the  Boll  Worm  will 
redocetbe  yield  of  the  fields  examined  fully  four-fifths.  They  arere- 
ported  as  ravaging  tiie  plant  in  Denton,  and  at  work  on  crops  raised  %u 
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new  land  in  Tarrant,  Johnson,  Ellis,  Kanftnan,  Hunt,  Eockwall,  Cooke, 
Montagne,  Clay  and  Wise  connties." — [Texas  paper  (title  not  kept),  1880. 

"  The  Boll  Worm  has  already  made  ite  appearance  in  this  part  of  the 
coQDtry,  and  reliable  farmers  say  that  their  crops  have  already  been 
damaged  at  least  75  per  cent.,  and  unless  some  favorable  change  takes 
I>Iace  they  will  lose  their  entire  crop." — [Statistical  Report,  Kantian 
Coanty,  Texas,  1880. 

"Twenty  days  ago  the  cotton  crop  of  Ellis  county  promised  an  aver- 
age yield  of  a  bale  to  the  acre;  at  this  time  its  evident  average  yield  will 
not  exceed  one-third  of  a  bale  to  the  acre,  the  eaose  of  the  foiling  off  be- 
ing the  Boll  Worm.  Some  fields  of  cotton  are  comparatively  little  in- 
jnred,  whileothers  are  literally  destroyed."— [OalvestoAjYetct,  September 
2,1880. 

"  Two  hundred  and  fifty  acres  of  cotton  waist  high  and  heavily- 
limbed,  was  sold  to-day  for  (250  ca^h.  Caose,  ravaged  by  the  Boll 
Worm."— [OalMSttm  News,  Angnst  26, 1880. 

The  following  extracts  are  from  the  answers  to  the  circular  sent  oat 
in  1878: 

"  The  Boll  Worm  has,  I  doubt  not,  destroyed  mote  cotton  in  Alabama 
than  the  Aletia  argillacea." — [D.  Lee,  Lowndes  County,  Alabama. 

"I  wonld  mention  the  Boll  Worm,  which  bores  into  the  boll  and  de- 
stroys each  lobe  pierced,  and  man;  think  the  Boll  Worm  is  more  destnic- 
tive  on  the  average  than  the  caterpillar,  for  the  reason  that  it  attacks 
the  cotton  more  or  less  every  year.  1  have  counted  flreqaently  on  some 
stalks  as  many  as  26  bolls  deatiuyed  by  the  Boll  Worm.  In  1347  there 
was  no  caterpillar;  but  the  Bolt  Worm,  ftttm  written  memoranda  fur- 
nished me  by  the  Hon.  A.  G.  Mitchell,  of  Olenville,  Ala.,  very  nearly 
'destroyed  the  crops,  being  equally  as  destructive  as  the  caterpillar  the 
preceding  year." — [H.  Hawkins,  Barbour  Coanty,  Alabama. 

"There  is  a  small  worm  which  nsnally  comes  in  advance  of  the  regu- 
lar caterpillar,  that  bores  into  the  forms  before  the  bloom  comes  out, 
and  it  has  been  my  opinion  that  the  damage  caused  by  these  is  as  heavy 
as  any  caused  by  the  caterpillar." — [H.  C.  Brown,  Wilcox  Coanty,  Ala- 
bama. 

*'  I  believe  the  Boll  Worm  has  done  a  great  deal  more  damage  in  the 
aggregate  than  the  Cotton  Worm." — [C.  C.  Howard,  Antaaga  Coanty, 
Alabama. 

"  The  Boll  Worm  does  as  more  damage  upon  the  whole  than  the  Cot- 
ton Worm." — [A.  J.  Oheves,  Macon  County,  Georgia. 

"The  Boll  Worm  (Heliothis)  has  done  more  damage  this  year  than 
the  IToctua  zylioa.  They  api»eared  early  in  June  and  the  third  crop  is 
still  at  work.  The  crop  of  this  county  is  cut  off  at  least  one-third.  A 
field  of  sixty  acres  planted  by  my  brother-in-law,  that  with  no  casual- 
ties would  have  made  forty-five  bales,  wilt  barely  make,  fifteen." — [W. 
Barnes,  Cherokee  Connty,  Texas. 
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*'  The  Boll  Worm  has  done  more  it^nry  to  the  cotton  plaiit  tbaa  atiy 
)tber  ioaect  this  year.  *  *  *  It  f e  said  by  some  fanners  that  50  per 
^iit.  of  the  crop  is  lost  on  account  of  the  Boll  Worm," — [J.  M.  Iilasco, 
LTpshur  County,  Texas. 

"  Theie  is  one  other  insect  that  baa  destroyed  more  cotton  in  tliia  lo- 
:»tUty  ia  the  last  fonr  years  than  all  other  insects  combined.  It  is  known 
liere  as  the  Boll  Worm.  •  •  •  Ita  numbers  are  increasiug  so  rapidly 
and  its  destrncttoD  so  great  that  it  ia  becoming  a  terror  to  the  cotton- 
planter  in  this  locality."— [J.  W.  Jackson,  Titus  County,  Texas. 
The  following  refer  to  the  damage  done  to  corn  by  tbis  Heliotbis : 
"  The  com  which  escaped  destruction  by  the  drought  was  consumed 
by  these  worms,  so  that  one  oounty  which  raised,  iu  1859, 436,000  bush- 
els of  com,  has  not  this  year  even  5,000  bushels  of  wormy  corn — and 
this  ia  a  sample  of  most  of  the  counties  in  Kansas." — [Prairie  Farmer, 
ISCi;  p.  31, 

"All  the  early  corn  in  this  county  was  infested  to  a  remarkable  de- 
gree. •  •  •  In  the  fields  examined  by  myself,  which  were  plauled 
at  short  iutervals  from  the  15tb  of  Maroh  to  the  15th  of  April,  and 
were  in  roastiDg  ear  from  the  latter  part  of  June,  not  more  than  tbree 
per  cent,  of  the  ears  were  found  without  at  least  one  worm." — [Judge 
L.  O.  JoboBon,  Holly  Springs,  Miae. 

"  In  Doe  field  of  late  corn  I  found  nearly  every  ear  eaten  by  them, 
tbere  beiog  from  one  to  half  a  dozen  worms  in  each  ear.  In  many  of 
them,  when  my  observations  were  made,  while  the  com  was  yet  soft, 
the  process  of  molding  and  decay  had  progressed  to  such  an  extent 
that  it  was  difScult  to  conceive  that  aucb  corn  could  ever  become  any- 
tbing  fit  for  man  or  beast  to  eat" — [G.  H.  French,  Iformal,  111. 

Daring  the  past  three  seasons  (18S1, 1882,  and  1883}  the  damege  to 
com  has  been  especially  marked  all  through  the  South  and  West.  It 
has  been  a  common  sight  to  meet  with  fields  in  Virginia  and  southward 
in  which  almost  every  ear  was  pierced,  while  letters  fh>m  Illinois  and 
other  Western  States  complained  bitterly  of  the  damage  done. 

HOMEHCLATUKE. 

The  moth  of  the  BoU  Worm,  according  to  the  simplest  classification 
of  the  Heterocera,  belongs  to  the  same  family — XoctnidEe — aa  does  the 
Cotton  Worm  moth,  and  to  the  sabfamily  Heliothince.  According  to 
tile  I'.laasificatiou  adopted  by  G-neD6e  and  followed  iu  the  catalogaes  of 
!li€  British  iloseaui,  however,  Heliothis  is  placed  in  the  family  Helio- 
tliidie,  tribe  GenuinsB,  division  Trifidte  of  the  Noctuelits,  while  Anomis 
is  very  differently  placed  in  the  family  Gonopteridie,  tribe  Variegntffi, 
division  Quadrifidie  of  the  ^octnelitee.  The  genus  Heliothis  was  founded 
by  Ocbsenheimer  in  his  Sckmetterlinge  von  Enropa  in  1816,  while  the 
"pecies  had  been  described  by  Hiibner  iu  his  Sammtung  europdischer 
Mmetterlinge,  179C. 
Two  synonyms  of  tbis  species  have  been  published  in  this  country. 
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lu  the  American  Cotton  Planter  for  Ja]y,  1S50,  Mr.  J.  W.  Boddie  drew 
up  a  Hbort  scientific  description  of  the  species  uoder  the  name  of 
Pkalaena  zea '". 

In  1862,  Mr.  A.  B.  Grote  (Proc.  Ent.  See  Phila.,  Vol.  I),  having  cap- 
tured a  male  of  H.  armigera  on  Long  Island,  which  differed  considerably 
from  the  ordinary  type,  published  a  description  of  it  under  the  name  of 
B..  umbrosug,  and  remarked  concerning  it : 

AppToacb«B  to  the  Eiiropeao  H.  armigera,  which  species  baa,  hnwever,  adiacalmark 
on  thepoHteriot  wiugH,  aad  is  utherwise  speciflcaUy  diHtinct.  It  appeam  also  Avm  tlie 
deacription  of  H.  txprimani  Walker,  C.  B.  H.  Noct.,  p.  667,  to  have  aonie  resemblauce 
with  IliBt  apeciea,  but  the  exprewiona  "(alfe  antics)  orbicnlari  et  renifomii  maguin 
fem)glDeoniartiiiiatia,"aDd  "(alEepostieie}  litnradiMalJ,"donot  apply  to  the  apecii-a 
I  harejust  deactibed"'. 

In  the  very  next  year,  however,  Mr.  Orote  withdrew  the  name  alto- 
gether, having  become  satisfied  of  the  identity  of  his  type  with  the  com- 
mon European  form. 

HeliotkU  armigera  has  many  popular  names.  In  the  cotton  fields  of 
the  South  it  is  universally  known  as  the  "Boll  Worm";  in  tlie  Southern 
coni-fielda  it  is  called  enrlyintbe  snmmer  the  "Bud  Worm";  later,  the 
"Tassel  Worm",  and  later  still,  the  "Ear  Worm."  In  the  corn  fields 
of  the  West  it  is  called  the  "Corn  Worm."  Tomato  growers  give  it  the 
name  of  the  "Tomato  Fruit-worm,"  or  "Com  Worm,"  and  according 
as  it  appears  on  peas,  beans,  or  other  vegetables,  it  receives  still  other 
titles. 

OEOaBAFmCAL  DISTBIBDTIOR. 

It  would  be  difficult  to  find  a  more  widely  spread  species  than  Belto- 
this  armigera.  It  has  beeu  fonud  in  every  quarter  of  the  globe,  and, 
within  certaiii  latitudinal  limitH,  its  localities  of  occurrence  form  a  com- 
plete girdle  arouud  the  world.  The  following  list  of  localities  has  been 
gathered  from  different  isonrces,  principally  from  the  British  Mnseum 
Catalogue  of  Lepidoptera,  and  will  doubtless  be  greatly  added  to  as 
other  localities  are  explored  by  entomologists. 

United  States. — All  the  States  as  far  west  as  parallel  106  W,,  and  as 
far  north  as  44  N'.  It  is  also  found  in  California,  as  we  learn  from  the 
Paoifie  Bttral  Press  of  September,  1879,  and  two  specimens  have  been 
received  at  the  Department  from  Oregon, 

Mexico. 

West  Indies. — Jamaicit,  Barbadoes,  Cuba  (Havana). 

South  America. — Venezuela,  Brazil. 

£;uroj>e.— England,  Isle  of  Wight,  France,  Spain  (Qibraltar),  Italy, 
Germany. 

Afi'ica. — Azores,  Congo  River,  Cape  of  Good  Hope,  South  Aftioa 
(coast  and  interior),  Port  Xatal,  Madagascar. 

Asia. — Bengal,  llorth  India,  Mauritius,  Ceylon. 

Malay  Archipelago. — Java. 

Australia. — New  South  Wales,  South  Australia,  Qneensland. 

Southern  PavificSew  Zealand,  Kaylgator  Isles.     . 
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TOOD-PLAKTS,  OTHEE  THAH  COTTON.* 

CoEEN. — It  has  for  Bome  time  been  supposed  that  the  first  occasioD  on 
rbich  attention  was  pablicly  called  to  the  fact  of  the  identity  of  the 
toll  Worm  and  the  Corn  Worm  was  in  Mr.  Glover's  report  apon  cotton 
Dsects,  poblisbed  in  the  Patent  OtBce  Agricnltursl  Beport  for  1854, 
rbere  be  gives  the  credit  to  Col.  B.  A.  Sorsby,  of  Colnmbns,  Miss^  ifi 
he  following  words: 

Thete  is  a  strikiiiK  Biroilarity  b«tw«en  tbe  Boll  Worm  uid  the  Com  Worm  in  ap- 
■rvsnce, food,  and  hubits, .both  in  the  caterpillar  and  perfect  state,  whiah  leads  to 
he  supposition  that  the  Boll  Worm  may  bo  the  yoncg  of  the  Com  Worm  innth,  And 
t"^  «8KB  depoflited  on  the  young  bolls  at  tbe  neareet  aubatitute  for  green  com,  and 
)]aced  on  them  only  vheii  the  corn  haa  become  too  old  and  bard  for  their  fbod.  Col. 
it.  A.Sorsby,  of  Colnmbns,  Ifiaa.,  hoe  brPcL  both  insects  and  declares  them  to  be  the 
tamo;  and,  moreover,  wben,accordii]g  to  bts  advice,  the  com  vascarefally  wonnedcKi 
two  or  three  plantationa  the  Boll  Worms  did  not  make  their  appearance  that  aeaaon 
on  tbe  cotton,  notwithstaDdinson  neighboring  plantations  they  commit  great  nvagee. 
It  is  desirable  that  so  important  a  discovery  as  this  should  be  rightly 
credited,  and  it  was  therefore  with  considerable  interest  that  we  read 
the  following  paragraph  tu  the  article  on  the  Boll  Worm  in  the  American 

Cotton  Planter  for  July,  1850,  by  Mr.  J.  W.  Boddie,  of  Jackson,  Miss., 
from  which  we  hare  already  quoted : 
This  insect  la  an  anomaly  in  the  natDral  history  of  insects,  for  it  ia  much  more  de- 

aimctive  to  tbe  plant,  cotton  {Gougpiiim),  for  nhich  it  was  never  made,  than  to  the 

one  to  «bich  it  natnrslly  belongs,  com  [2ea  nwjr«). 
If  I  am  right  in  m;  sapposittou,  this  insect  is  tbe  caterpillar  we  find  Ilk  the  end  of 

can  of  com.  eating  the  silk  nnd  cooie  littleof  the  com.   Tbis  insect  is  at  the  North  ns 

veil  OS  at  the  South— in  fact  it  is  wherever  tbe  corn  gr«ms  and  will  never  depredate 

oil  the  cottuu  plant  save  (brongb  uecessity. 

The  same  fact  of  the  identity  of  the  two  insects  was  subsequently  inde- 
l>endently  proven  and  pnblished  by  Dr.  J.  H.  Zimmerman  in  the  Avur- 
lean  Cotton  Planter  for  1855,  Mr.  E.  SHnderson,  in  the  (.arae  journal, for 
lH5S,and  by  the  writer,  in  1864,  in  tbe  Pratric  farmer  Annual.  The  first 
iiiiie  Mr.  Glover  expressed  his  belief  in  this  identity  was  also  in  1304, 
tliM  previous  demonstrators  all  having  been  Southern  plantera. 

Sufficient  has  alread.v  Iteen  said  iu  the  introduction  coucerniug  the 
<)i;titnictiveuei!8  of  the  Jtoll  Worm  to  corn,  and  there  remains  to  discuss 
Lere  only  ils  methods  of  work.  In  the  North  there  are  normally  two 
broods  which  feed  upon  com,  and  exceptioually  three,  The  first  brood 
occasionally  makes  its  Rp|>e!iraiice  early  enough  to  feed  upon  tbe  stam- 
inate  flowers,  or  "taNselD,"  before  the  ears  are  formed.  Instances  of 
this  are  recorded  by  Mrs.  Miiry  Treat,  of  Yineland,  N.  J.,  who  writes  to 
the  American  Entomologist,  August  25, 1869,  as  follows : 

Theotfaer  day  1  passed  a  larf^B  Bold  of  coru  where  the  depredations  of  this  worm 
*Bre  viaiblt  upon  almoat  every  stalk.  They  had  done  their  work  weeks  before,  eat- 
in;;  throngh  the  leavee  while  they  wire  fohled  aronnd  the  staminate  flowers  before 
'he  ran  liud  begnn  to  make  tbeir  appearance. 

*  Tills  Met  ion  has  been  published  ea  advance  matter  ttom  this  work  in  onrsnnosl 
report  ■■  pulomologist  i>f  the  Department  of  Agriculture  for  IS8I-'83,  pp.  14&-149, 
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It  in  probably  the  second  brood  which  attracts  the  most  ntteiition  and 
iloea  the  most  damage.  In  Augnst  and  September  the  infected  fit-Ids 
begin  to  presf  ut  n  sorrj^  siglit.  Many  of  the  bnsks  are  seen  to  be  pierced 
by  circniar  UoU>i:>,  and,  upon  opening,  the  grain  id  found  to  be  eaten  in 
farrows,  principally  at  tlio  nater  end  of  the  ear.  If  the  work  bati  been 
done  before  the  kernel  has  set  or  hardened,  the  milky  juice  will  have 
exuded  and  smeared  the  ead  of  the  ear,  wheo  mold  soon  forms  niwn  it, 
other  insects  work  their  way  in  and  feed  upon  it,  and  the  whole  ear  soou 
presents  a  disgusting  appearance. 

Barely  more  than  one  fall-grown  worm  is  fonnd  in  the  ear  at  the  same 
time,  though  frequently  several  of  different  sizes  are  to  be  seen.  In  the 
conrse  of  its  growth  the  worm  by  no  means  confines  itself  to  a  siogle  ear. 
As  the  whim  seizes  it,  or  as  the  flavor  of  one  ear  palls  u[>on  its  a]>pe- 
tite,  another  is  entered,  either  npon  the  same  or  au  adjoining  stalk. 
The  journey  fh)m  one  to  another  is  made  in  the  night,  aud  the  new  ear 
is  nsually  entered  by  a  circular  hole  bored  throngh  some  part  of  the 
husk ;  so  that  the  mere  presence  of  a  hole  iu  tbe  busk  does  not,  as  is 
thought  by  many,  necessarily  imply  that  the  worm  has  left;  the  ear  to 
transform . 

From  the  first  to  the  last  of  September  the  worms  of  this  second 
brood  bore  out  throngh  the  husks  and  enter  the  ground  lo  transform, 
those  pupating  first  frequently,  in  warm  seasons  in  the  more  northern 
localities,  and  always,  we  believe,  iu  the  latitude  of  South  Illinois,  Mis- 
souri, and  Virginia,  giving  rise  to  a  third  brood,  which  feeds  upon  the 
hardened  com  if  more  congenial  food  is  not  at  hand. 

It  was  formerly  thought  that  the  efforts  of  the  worm  on  com  were 
confined  to  the  tender  and  milky  ears.  In  fact  we  stated  (American 
£!nt0molo(fiit,  1, 1869,  p.  212)  that— 

The  worm  cannot  liTeon  hnrd  com,  and  it  is  u snail y  fpll-grown  when  the  kernels 
are  in  tb«  "milk"  state. 

In  1870,  however,  we  corrected  this  idea  iu  the  following  words  {see 
Tbird  Missouri  Eutomologicul  Report,  1870,  p.  104); 

I  was  fonnetly  of  the  ojiinion  tbat  this  n-orm  ronld  not  lire  on  hard  coru,  nnd  it  cer- 
tainty [Iocs  generally  diBapprar  before  the  cjiru  I'nlly  ripens,  but  last  fall  Mr.  Janiea 
HarkncBB,  of  Saint  Louis,  broaght  me,  ns  late  ua  the  latter  part  of  October,  from  a 
corn-field  on  tbo  Illinois  bottom,  a  Dumber  of  larj^c  and  nen-ripeaeit  ears,  each  cod- 
taioing  from  one  to  five  worms  of  difleretit  Biies,  snbsifting  and  nourishing  upon  the 
liard  kernels. 

Prof.  B.  W.  Glaypole,  of  Antiocfa  College,  Yellow  Springs,  Ohio,  also 
called  attention  to  the  same  fnct  in  the  November  (1880)  number  of  the 
American  Entomologist.    He  says: 

In  cntting  my  own  euro  yestorday  I  found  many  specimens  o^'  this  inaect,  and  there 
now  lies  before  me  an  ear  almost  aninjnred  and  nearly  dry,  tlit<  kernels  being  too  hard 
to  yield  to  the  nail,  and  full  of  meal  when  broken,  lu  nhich  is  an  almost  foil-grown 
worm  engaged  in  eating  these  hard  grains.  •  •  •  Later.  I  have  as  late  as  the 
fliBt  week  of  this  month  (October)  found  small  Corn  Worms,  not  more  than  half  an 
inch  long,  engaged  iu  eating  tbe  ripe  rars  of  corn,  and  I  can  add  from  experience  that 
these  small  worms  can  bit«  sharply. 
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Last  fall  (1B81),  in  tlie  Ticinity  of  Cantou,  111.,  Profeaeor  Barnard  ob- 
served that  macli  damage  was  done  to  late  com,  over  tno-tliinlH  of  itio 
eara  Larvested  liaviDg  coDtained  one  or  more  worms.  iJve  worms  werM 
found  in  tbe  eard  np  to  tLe  lime  of  husking,  in  the  latter  part  of  Octo- 
ber, feeding  upon  the  hard  kernels.  The  eara  thus  damaged  exhibited 
on  husking  man  j-  uballow  grooves  through  the  tops  of  the  kei'oels,  wUicU 
seemed,  indeed,  the  favorite  mode  of  work  of  tbe  worms ;  but  occasion- 
ally a  single  kernel  would  be  eaten  down  to  tbe  cob.  There,  as  else- 
where,  mildew  had  served  to  greatly  increase  tke  damage  done  by  tbe 
worm. 

In  tbe  Soathem  States  there  are  always  three  broods  of  tbe  worm 
Qpon  com,  the  later  broods  preferring  the  tender  cotton  bolls  to  tbe 
tough  com.  The  motbs  iu  early  spring  lay  their  eggs  on  the  leaves  of 
the  corn,  and  the  oewly-batcbed  larvae  be)^  feeding  at  once  on  tbe  ■ 
spot  of  their  birth.  By  these  young  larvfe  many  irregular  holes  are  ' 
eaten  through  the  tender  leaves,  giving  them,  as  has  been  well  said,  the 
appearance  of  having  been  riddled  by  a  charge  of  small  shot.  In  this 
manner  tbey  feed  for  some  time,  gradually  working  their  way  downward 
into  the  sbeath  of  the  leaf,  and  fioally  reaching  the  closely-rolled  ter- 
minal bud,  into  which  they  bore  and  remain  feeding  until  tbey  attain 
their  full  growth,  when  they  gnaw  directly  outwards,  and,  crawling  into 
the  ground,  transform  to  pupse. 

The  eggs  of  tbe  second  brood  are  laid  upon  the  leaves  and  upon  the 
sheaths  of  the  tassels  about  tbe  Ist  of  June.  The  worms  feed,  as  be- 
fore, upon  the  leaves  at  first,  upon  the  tassels,  and,  later,  as  they  ap- 
proach full  growth,  they  are  to  be  found  feeding  upon  the  kernels,  silk, 
and  cob  of  the  forming  ears. 

The  thii-d.  brood,  commencing  shortly  after  the  Ist  of  July,  may  be 
compared  in  its  destructiveness  to  the  second  brood  at  the  North,  It  is 
very  numerous,  and  is  the  last  brood  which  iiyures  com  to  any  extent. 
The  eggs  are  laid  upon  the  end  of  tbe  husk  or  amongst  the  silk,  and 
the  worms  work  in  the  manner  previously  described,  occasionally  pierc- 
ing the  husk  and  migratiDg  from  one  ear  to  another,  although  tbe  ten- 
d«icy  to  do  this  is  mach  less  when  the  ears  are  tender  than  after  the 
grains  have  begun  to  harden.  The  worms  of  this  brood  pnpattfin  the 
usual  way,  and  those  of  the  next  betake  themselves  almost  exclusively 
to  cotton.  Occasionally  a  worm  is  found  working  in  the  ears  of  hardened 
com  in  close  proximity  to  a  cottou-field,  but  it  is  a  comparatively  rare 
occorieuce. 

Mach  of  the  history  of  the  Boll  Worm  upon  cotton  is  inseparably  con- 
nected with  its  life  upon  com,  so  that  we  shall  have  occasion  hereafter 
to  again  refer  to  its  relations  to  the  latter  crbp. 

Tomato, — Perhaps  next  in  importance  to  tbe  damage  done  to  cotton 
and  com  comes  that  done  to  tbe  tomato  crop.  In  1867  the  Boll  Worm 
played  havoc  with  the  tomatoes  of  Southern  Illinois,  eating  iuto  the 
green  &nit  and  causing  it  to  lot.     (Sec  American  Entomologist,  I,  212). 
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In  his  report  for  1870  Mr.  Qlover  speaks  especially  of  the  damage  to 
this  crop  the  previoas  year  in  Maryland.  The  worm  hored  into  both 
the  ripe  and  unripe  firait  of  the  tomato,  rendering  it  wholly  anflt  for 
use.  It  was  said  that  a  single  caterpillar  would  ruin  a  nomber  of  the 
fruit  on  one  plant  alone. 

Mr.  Graue,  of  Mandarin,  Fla.,  an  extensive  vegetable  grower,  lost,  in 
1878,  oue-third  of  his  crop  of  tomatoes  throngh  this  HellotUs, 

Prof.  J.  E.  Willet,  of  Macon,  G-a.,  in  correspondeDce  with  the  Depart- 
ment iu  September,  1870,  related  the  interestiDg  foct  that  in  the  vicin- 
ity of  Macon,  at  least,  the  Boll  Worm  had  developed  the  mischievous 
habit  of  boring  into  the  tomato-stalks  until  they  were  nearly  or  qaite 
severed,  thus  doing  more  damage  than  it  coald  have  done  by  conflning 
itself  to  the  fruit  The  larvae  have  also  been  found  feeding  npMi  the 
leaves  of  tomato,  at  Washington,  by  Mr.  Fergande,  one  of  our  assist, 
unts. 

The  Boll  Worm  has  also  been  found  by  J.  Jenner  Weir  to  feed  upon 
the  tomato  plant  in  England,  and  we  have  already  elsewhere  commented 
upon  the  interest  attaching  to  this  &ct,  since  the  tomato  is  grown  with 
snch  difBcnlty  in  England.' 

Tobacco,  and  otheb  Solanace^. — So  far  as  we  know  there  has 
been  no  record  of  injnry  to  tobacco  by  the  Boll  Worm  iu  this  conotry; 
bat  Mr.  Gb.  Oourcan,  in  his  Iruectea  NuiaibUa  (secood  sapplement,  1865, 
p.  133),  mentions  the  fact  that  it  devours  the  leaves  of  this  plant  where 
cultivated  in  Europe. 

Of  other  Solaoaceous  plants  we  may  mention  the  red  pepper  {Capti- 
cum  annuwm),  the  Jamestown  or  Jimpson  weed  (Datura  stramonium),  and 
the  G^rouDd -cherry  {PhsMlU).  The  injury  to  peppers  is  mentioned  by 
Professor  French  in  the  report  of  the  lUiooia  State  Entomologist  for 
1877,  p.  102,  while  the  observation  on  Stiramonium  was  made  by  Or. 
Barnard  and  Mr.  Schwarz,  at  Selma,  Ala.,  in  August,  1 880.  On  Phptatis 
they  were  seen  by  Dr.  A.  Oemler,  at  Savannah,  Ga.,  and  we  found  them 
ruining  the  fruit  of  this  plant  in  all  parts  of  Kansas  iu  1877. 

IjEOUMLJUOb^. — The  Boll  Worm  is  very  fond  of  boring  into  the  pods 
of  Leguminous  plants.  The  pod  of  the  common  garden  pea  {Pisum  aati- 
vum)  it  frequently  destroyed  by  it.t 

Boll  Worms  were  discovered  feeding  on  the  common  string-bean  (Pka- 
seoltts  vulgarig)  in  the  vicinity  of  Eirkwood,  Mo.,  by  Miss  Mary  Murtfeldt. 
In  October,  1879,  specimeus  were  received  from  D.  Landreth  &  Sons, 
Philadelphia,  which  had  damaged  their  Lima-beans  to  the  ext«ut  of  from 
3  to  5  per  cent.  Upon  the  field  bean  they  were  observed  feeding  by 
Mr.  Howard,  near  Savannah,  in  1881.  With  nil  these  species  of  beans, 
and  with  the  garden  pea,  the  method  of  work  is  the  same — the  worm 

* Jnwrican  Enltrntitofitt,  II,  p.  172. 

tSee  quoMtion  from  Mra.  Mary  Treat,  in  tho  Atntrican  SntomologUt,  Vol.  II,  p.  43. 
See  alN>  Glover's  report  of  the  KotoinoloKiatfor  1870,p.84;  our  third  Hiasonrf  Beport, 
p.  106 ;  knd  report  of  Prof.  WllUam  Trelease,  in  tbe  Report  od  Cotton  Itueots,  1S79. 


.«lc 


THE  BOLL  WOEM — FOOD-PLANTS.  363 

bores  into  the  pod  at  some  ooe  poiot,  and  never  leaves  until  the  entire 
contents  are  raised.  With  the  common  Cow-peas  of  the  Sonth  ( Vigna 
and  DoliehoB,  spp.),  in  the  pods  of  which  Beliothis  is  very  often  found 
feeding,  the  work  is  frequently  done  in  quite  a  different,  way.  The 
seeds  are  separated  by  marked  fieshy  partitions,  and,  rather  than  pierce 
these  partitions,  the  worm  bores  through  to  the  outside  and  enters 
again  opposite  to  another  pea.  In  the  same  manner  it  infests  Erytkrina 
herbaeea — a  legnniinous  plant  whieh  grows  wild  through  the  South,  more 
commonly  near  the  <»)ast.  (See  Keporton  Cotton  Insects,  Department 
of  Agriculture,  1879,  p.  206.)  Iii  Europe  it  is  found  on  Lucerne  {Med*- 
eago  eativa)  acconliug  to  Gourean  [ibid.),  and  upon  the  Chick-pea  {Cioer 
at^etinum)  according  to  M.  J.  Fallon  {Inteetologie  Agricole,  1860,  p.  205). 
In  the  latter  c^Lse  the  yonng  worms  feed  upou  the  leaves  and  the  older 
ones  bore  into  the  pod. 

CncDEBiTACB^. — Auioug  the  CucurbitaceEB  several  nseful  plantsare 
iiynred  by  the  Boll  Worm.  Glover,  in  1870,  records  pumpkins  (Cucur- 
bita  pspo),  and  Judge  Johnson,  in  his  report  .to  us,  mentions  melons 
[Cueumit  melo)  and  summer  sqnash  (Ctteurbita  verrucosa).  Mr.  Glgver, 
as  long  ago  as  I860,  found  the  Boll  Worm  feeding  in  the  flowers  of 
squash.     (Glover,  Pateut  Office  Agricultural  Beport  tor  1S55,  p.  100.) 

Malvaob^.— Professor  French  (Seventh  Reiwrt  of  the  State  Ento- 
mologist of  Illinois)  reports  the  worm  as  feeding  on  the  growing  seed- 
pods  of  the  large-flowered  Rose  Mallow  [Hibiscus  grandipira)  along 
streams  in  Illinois.  He  has  recently  published  the  fact,  however,  that 
flie  larva  concerned  in  this  injury  was  not  Heliothis,  but  a  Fyralid.* 

The  useful  Okra  or  Gumbo  plant  [Hibiecus  esculentva)  is  oReu  de- 
stroyed, according  to  Judge  Johnson,  by  this  larva. 

Other  FOOD-PLANia. — The  families  Iridacea>,  ConvolvulacetD,  Urti- 
cacefe,  R<  scdaceEe,  Geraniaceie  each  contain  a  single  food-plant  of  He- 
liothis. Mrs.  Treat,  in  Iier  Vineland  address  on  insects,  quoted  from  in 
the  American  Entomologist,  I,  p.  4^,  mfntioned  the  Gladiolns,  grown 
frequeutlt  iu  flower  gardeus,  as  being  occasionally  eaten  in  the  spring 
by  the  Boll  Worm.  Mr.  Schwarz  several  times  found  the  worm,  at  Belma, 
Ala.,  feeding  on  the  green  fruit  nilpomoea  commutata.  He  remarks;  "It 
is  a  very  cuiions  sight  to  see  this  large  larva  with  its  hcud  imbedded  in 
the  comparatively  small  fruit  of  this  plant.^  Mr.  Goureau  [I.  c.)  men- 
tions hemp  ( Cantiabis)  as  one  of  the  European  food-plants,  and  Kalten- 
bach  (PHanzenfeinde,  &c.,  p.  42]  states  that  the  worm  lives  from  Juno 
to  August  on  the  Dyer's  Mignonette  [Reseda  luteola). 

Within  the  last  year  the  worms  were  received  from  Mr.  DauielWilter, 
of  Denver,  Colo.,  as  boring  into  the  stems  of  his  garden  Geraniums,  and 
also  eating  the  leaves  of  the  same  plant. 

These  are,solaraswehavebeen  able  to  ascertain,  all  of  the  food-plants 
of  Reliothit  armigera  yet  known  or  at  least  yet  recorded.  Others  will 
undonbtedly  be  found  from  time  to  time,  and  it  is  not  improbable  that 
the  pi-esent  Hat  could  be  swelled  into  the  handreds  by  a  diligent  and 
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specific  atady  of  this  insect  for  a  year  or  two,  for  eDoagh  bas  been  said 
to  sliow  tliatic  is  a  very  geDeral  feeder. 

In  tliis  connection  we  cannot  avoid  making  the  statement  that  the 
Boll  Worm  is  by  no  means  ezclasivAly  vegetarian  in  its  diet,  although 
this  point  will  be  fully  discussed  in  the  special  report.  It  has  been  re- 
peatedly known  to  devour  the  pnpfe  of  the  Cotton  Worm  [Aletia  xylina) 
when  free  upon  the  plants,  and  has  moreover  gained  a  wide  repatation 
as  a  cannibal,  the  larger  individuals  ft«quently  diuiug  upon  the  smaller 
ones. 

CKAEACTEES  AND  TEANSPOEMATIONS. 

The  Ego  (Plate  III,  Fig.  1 ;  Plate  IV,  Pig.  1).— The  egg  of  Heliothiii 
is  7""  in  diameter,  ita  axis  being  about  equal  to  its  greateat  diameter, 
which  is  near  the  bnse.  In  color  it  is  nearly  white,  rather  inclined  to 
yellowish,  and  is  easily  detected  against  the  gn.-en  background  of  leaf, 
stem,  or  iuroluci'e.  Upon  certain  of  the  eggs  shortly  after  being  laid 
there  appears  a  reddish-brown  band  near  the  summit,  wliich  disappears 
with  the  growth  of  the  embryo.  The  worm  itself  can  be  seen  through 
the  semi-transparent  shell  us  it  approaches  the  batching  point.  The 
sculpture  of  the  egg — the  polar  ribs  with  their  cross-furrows — is  almost 
identical  with  thatof  Aletin. 

The  only  published  statement  we  have  ever  seen  as  to  the  onmber  of 
eggs  laid  by  a  single  moth  was  by  Glover,  who,  in  1800,  stated  that  a 
correspondent  had  dissected  a  female  moth  and  fonud  it  to  contain 
more  than  600  eggSt 

Mr.  Glover,  misled  by  some  canse  or  other,  makes  the  following  state- 
ment concerning  the  place  of  deposit  of  the  eggs: 

The  e^g  ia  geuoroll;  deposited  singly  on  the  outside  of  the  invotncel  or  outer  calyx 
of  the  flower  or  young  boll,  where  it  -adheres  by  menns  of  a  gnnimy  gnbstance  which 
sarrounds  the  egg  when  fint  laid,  nod  which  hardeaa  by  exposure  to  the  atmosphere. 
It  has  been  Tepeatedly  stated  by  plauten  that  the  egg  was  deposited  od  the  stem,  and 
that  the  young  stem  forms  the  first  food  of  the  newly- hatched  catrrpillar;  bnt  after 
a  oitreful  examination  of  several  hundred  stems  I  fonnd  only  one  egg  placed  iu  this 
situatioo,  and  that  from  the  fact  of  its  being  laid  on  its  side  instend  of  the  base,  had 
evidently  been  misplaced, 

The  truth  of  the  matter  is  that  the  eggs  are  to  be  found  on  all  parts 
of  the  plant,  more,  perhaps,  being  deposited  on  the  nnder  side  of  the  leaf 
than  elsewhere.  A  few  cun  be  found  on  the  stalks,  and  many  on  the 
upper  snrface  of  the  leaves,  and  quite  a  large  proportion  also  upon  the 
involucre^  Occasionally,  too,  an  egg  is  to  be  found  on  the  stem  of  the 
boll  or  upon  a  leaf  petiole.  During  Ibc  hot  weather  of  July  and  August 
by  far  the  greatest  number  will  be  found  on  the  under  side  of  the  largest^ 
darkest  leaves.  The  favorite  time  for  oviposition  is  at  or  just  after 
twilight,  when  the  moths  can  be  seen  Hying  in  great  numbers. 

'This  statement  wiu  cootaiard  in  a  report  prepared  l)y  Professor  French,  for  the 
ThiidBeportof  the  United  Btates  Entomological  Commission,  but  which  has  beeu  In- 
depeud«itly  printed  iu  tho  EleTenth  Keport  of  the  Si'Kto  Entomologist  of  Illinois. 
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The  duration  of  tbe  egg  state  is  said  by  Prof.  K.  W.  Jones  to  be  trom 
three  to  five  days,  bnt  in  spring  and  late  fall  a  longer  time  elapses  be- 
fore  faatcbing,  wbile  in  midsummer  tbe  worms  may  occasionally  appear 
in  two  days  irom  tbe  time  of  ovipositaon. 

The  Larva  (Plate  III,  Figs.  2,  3,  4,  6;  Plate  IV,  Figs.  3,  6, 10, 13, 
14, 15,  16,  17, 18, 10,  20,  22].— The  newly-hatched  Boll  Worm  has  mach 
the  appearance  of  tbe  yoang  Cotton  Worm.  It,  is  rather  darker  in 
color,  however,  and  thongh  walking  like  a  looper  to  a  certain  degree,  its 
pro-legs  an)  mnch  better  developed  than  is  the  case  wltli  Aletia.  No 
marked  difference  in  the  size  of  the  legs  is  observable,  except  that  tbe 
anterior  pair,  althongli  apparently  perfectly  formed,  is  shorter  and 
weaker  than  the  otbers.  The  head  is  large,  as  are  also  tbe  piliferons 
tubercles,  while  tbe  hairs  are  long  and  stoat  in  proportion  to  tbe  size  of 
the  body.  Tlie  larva  feeds  at  first  at  tbe  spot  on  which  it  was  born,  be 
it  leaf,  petiole, stalk, involucre,  corolla,  or  boll;  but  it  soon  manifesto  a 
migratory  tendency,  crawling  from  one  leaf  to  another,  and  letting  itself 
drop  and  swing  suspended  from  a  line  of  silk,  until,  sooner  or  lat«r,  a 
yonng  bud  or  boll  is  found,  into  which  it  bores.  It  otl«n  happens  that 
several  days  pass  while  the  young  worm  is  searching  for  a  boll,  dnring 
wbich  time  it  feeds  upon  the  leaves.  Indeed,  as  will  be  iustanced  later, 
the  worm  may  and  does  occasioually  pass  the  whole  of  its  lar^'al  exist- 
ence with  no  other  food  than  leaves. 

The  pasBsge  of  the  young  Boll  Worm  into  the  flower  bud  is  a  f^- 
quent — perhaps  the  most  frequent — cause  of  tbe  flaring  of  the  involucre 
and  tbe  flnal  dropping  of  the  bud  or  young  boll.  [Plate  IV,  Figs.  8,  9.) 
The  idea  that  this  "  shedding  of  cotton,"  as  it  is  called,  is  mainly  caused 
by  iusects,  is  not  genenilly  accepted  at  the  South;  yet  such  is  the  case, 
and  the  Boll  Worm  is  the  chief  of  the  malefactors.  Ad  examination 
of  the  shed  bud  or  boll  will  show  that  in  nearly  every  case  it  is  pierced 
by  a  small  bole.  (Plate  IV,  Fig.  2.)  Frequently  granular  exciement  is 
to  be  seen  on  tbe  involucre,  between  it  and  the  boll,  and  when  this  is 
the  case  it  is  proof  positive  of  the  agency  of  Heliothis.  But  ft«qaently, 
also,  a  bole  or  puncture  is  to  I>e  seen  with  no  sign  of  excrement.  In 
such  cases  it  is  probably  the  work  of  some  Hemipterons  insect.  Of 
these,  Mr.  Glover  has  briefly  described  CalocorU  rapidut  Bay,  and  C. 
bimaeiilatvt  H.  Schf.,  in  the  following  words:* 

I  observed  three  in lects  (C.  bimaeulatui)  when  confined  nwler  glass,  «>oking  tbe  aap 
from  tbe  bads  aoil  yonng  holla,  their  only  food.  The  yonng  eventnally  completed 
tbeir  trantfonnationH  into  perfect  insects.  They  were  ohaerred,  moreover,  to  eject 
large  drops  of  green  sap  from  their  abdomens,  nhicb  conld  only  have  been  procured 
from  1  ho  Lndt  theniaelvea.  ■  *  •  The  perfect  insect  ie  seven-twentieths  of  an  inch 
in  lensth ;  the  tmtennra  are  brown  and  green,  the  eyes  brown ;  the  thorax  somewhat 
trlangnlar ;  the  anterior  part  green,  and  shaded  with  reddish-brown  posteriorly ;  tbe 
legs  browD  and  green ;  the  wing-cnssfl  with  a  cross,  shaped  tike  theJetter  X,  formiag 
{bnr  triangles,  tboae  nearest  tbe  thorax  being  reddlsh-brovn ;  tbe  stdo  triangles  are 


*8ee  BibllograpMoalLiat:  Qlover  (1856). 
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niere  is  likonise  another  specie*  (C.  rapidu*)  which  waa  fonnd  perforating  the 
young  floirer  hnde  anA  bolls  of  cotton  similar  to  the  above.  The  bead  and  anterior 
portion  of  the  tboiux  are  reddish -blown,  the  remainder  of  the  thorax  yellow  with  » 
double  mark  in  the  middle ;  the  wing-cases  are  brownish -black,  n-ilh  two  longitudi- 
nal yellow  lines  from  the  npperDDtaidecomerof  the  wing-cases  to  the  posterior  edge, 
forming  adlviding  marlc,  aonewhat  sbaped  like  the  letter  X. 

He  has  also  described  a  species  of  Lygfeos  baving  similar  babits 
{ibid.).  In  his  maniiBcript  work  oa  GottoD  (see  Glover,  1S78,  Bibl.  List) 
he  figutes  Leptoglossiis  pkylloput  (Liu.)  (=Aniso9celisalbicinctiu&ay),Eu- 
sehUtvs  pttnctipe*  Sny,  and  S'ezara  peiMSj/lvatiica  De  Oeer,  all  of  whiofa 
ace  said  to  have  been  found  pieroiDg  cotton  bolls  or  bads,  althoagh  their 
babits  are  normally  predaceous. 

The  amount  of  damage  done  in  this  way  by  tbe  BoU  Worm  is  very 
great,  as  a  single  youDg  larva  will  travel  from  bnd  to  bud,  deserting 
each  before  its  &1I,  aotil  many  have  been  destroyed.  A  bad  pierced 
tost  betbre  opening  is  forced  into  prematare  bloom;  bat  the  worm 
nsnally  feeds  upon  the  essential  reprodnctive  parts,  rendering  it  ia- 
capable  of  fractifying.     (Plate  IV,  Fig.  3.) 

As  the  worms  increase  iu  size  a  great  diversity  in  coloration  and  also 
in  markings  appears.  Those  individuals  which  have  nearly  reached 
their  ftill  growth  vary  from  a  dark  brown  or  rose  color  to  a  light  green, 
tbe  latter  being,  perhaps,  the  predominant  shade.  Almost  every  con- 
ceivable intermediate  stage  of  color  is  to  be  seen,  wliile  the  markings 
vary  almost  as  greatly.  It  seems  to  bo  well  settled  that  tbe  greeu 
^orms  are  most  abundant  in  the  spring,  while  later,  as  the  cotton  blos- 
soms out  fnlly  and  the  silk  of  com  begins  to  assume  its  reddish  tinge, 
tbe  pinkish  variety  becomes  more  abundant  and  the  brown  worms  do 
not  appear  in  force  until  fall. 

In  markings  tbe  worms  vary  fh)m  almost  perfectly  immacnlate,  an- 
striped  individuals  to  those  furnished  with  many  spots  and  regular 
stripes.  The  commonest  (we  can  hardly  say  tbe  normal)  arrangement 
of  tbe  markings  is  as  follows:  On  each  side  of  the  body,  extending  fix>m 
the  head  to  the  anal  joint  and  including  the  spiracles,  is  a  broad,  whit- 
ish, lateral  or  stigmatal  stripe.  Just  above  this  is  a  less  broad  subdorsal 
dnsky  stripe.  Down  the  middle  of  the  back  is  a  narrower,  dusky,  ibedio- 
dorsal  stripe,  inclnding  a  fine  white  line,  andbetweeu  this  and  the  subdor- 
sal dusky  stripe,  in  what  may  be  called  the  dorsal  space,  are  fouror  five 
very  delicate  whitish  lines,  so  delicate  in  foct  as  not  to  interfere  with  the 
general  color  of  the  body.  Of  spots  there  are  usually  eight  dorsally  to 
each  abdominal  joint,  normally  black  in  color,  the  foar  dorsal  spots  ar- 
ranged trapezoidally,  the  anterior  pair  closest  together.  These  spots 
are  simply  piliferous  tubercles  and  are  very  constant,  a  close  examina- 
tion of  even  the  immaculate  individuals  showing  tbem  still  to  be  pres- 
ent, though  colorless.  Upon  the  meso-  and  meta-tboracic  joints  these 
tubercles  are  arranged  across  the  dorsum  in  a  single  transverse  row. 
Of  tbe  stripes  the  most  constant  appears  to  be  the  whitish  lateral,  all 
the  others  being  more  often  wanting. 
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That  these  color  varieties  are  not  caasMl  by  a  differeiice  in  food  is 
shown  by  the  fact  that  all  the  variations  occnr  in  specimena  feeding  on 
one  and  the  same  plant.  Those  feeding  on  matnring  com  are  always 
dark,  however,  and  the  colora  brighten  in  proportion  as  the  larvae  are 
exposed  and  not  hidden  in  feediog. 

As  the  worms  grow  they  attack  larger  bolls,  the  yonng  larrse  hav- 
ing mainly  confined  themselves  to  the  bnds  snd  newly-formed  bolls. 
(PlatelV,  Fig.  0.)  The  wormsmny,  therefore,  be  said  to  progress  down- 
ward, the  yonu^cr  individuals  being  found  mainly  upon  the  top  crop, 
Thile  the  older  larvfe  bore  into  the  older  bolls  ol  the  middle  crop,  the 
bottom  crop  being  seldom  serionsly  damaged  by  Heliothis.  The  half- 
grown  worm  finding  a  boll  of  a  Rnitabte  age,  begins  at  once  to  gnaw 
tfarongh  the  smooth  covering,  sood  forming  an  ojiening  as  large  as 
the  diameter  of  its  body,  and  through  this  opening  it  gradually  worbs 
its  way  into  the  interior  of  the  boll.  Freqaently  the  spot  first  tried 
proves  too  hard  or  otherwise  distsstefal,  and  the  worm  leaves  it  either 
for  another  boll  or  for  another  spot  on  the  same  boll.  Infested  bolls 
can  nenally  be  distiiigai^hed  by  the  opeoing,  bat  occasionally  this  is 
hidden  by  the  Involncre.  Having  dovoored  or  partially  devoured  the 
contents  of  one  bolt,  the  worm  leaves  it  for  another.  Even  if,  however, 
Qie  damage  to  the  contents  has  been  slight,  rain  penetrates  throufili  the 
opening,  the  boll  soon  rots  and  attracts  other  insects  (principally  Dip- 
teroQS  and  Goleopterons),  which  finish  the  work  of  destruction.  In  this 
way  an  immense  amount  of  dnmage  can  be  done  by  a  single  larva. 
Prof.  B.  W.  Jones  says  in  his  report:  "The  amount  of  damage  done  by 
a  single  worm  is  surprising.  I  have  counted  eighteen  young  bolls 
shriveling,  decaying  or  fallen,  besides  many  blooms  and  unopened  flower 
buds  pierced;  all  the  work  of  one  Boll  Worm,  and  that  not  grown." 

The  disease  known  as  "boll-rot ''  has  recently  been  laid  tothe  account 
of  the  Boll  Worm.  This  disease  is  said  to  have  made  its  appearance  as 
early  as  1810,  and  to  have  prevailed  for  tpn  years  or  moi-e,  frequently 
destroying  whole  crops.  The  introduction  of  the  Tennessee  green-seeded 
cotton  seemed  to  stop  the  spread  of  the  disease.  About  1850,  however, 
it  is  said  to  have  reappeared,  and  since  then  has  been  an  occasional 
sonrce  of  considerable  damage  to  the  crop.  The  rot  monifests  itself  at 
first  by  a  slight  discoloration,  resembling  a  small  spot  of  grease.  Either 
one  or  all  of  the  interior  divisions  soon  rots,  and  the  boll  fVeqaently 
bursts  and  discharges  a  pntrid  mass.  The  disease  has  been  variously 
attributed  to  the  agency  of  some  fungus  growth,  to  an  organic  disease 
of  the  plant  broaght  on,  perhaps,  by  a  superabundant  moisture  of  the 
soil,  and  to  the  attacks  of  insects.  The  results  of  the  rot — in  the  shape 
of  insects  attracted  by  the  discat^ed  condition  of  the  boll — have  long 
been  considered  as  among  the  causes. 

Professor  Stelle,  in  one  of  his  reports  to  us  (see  Appendix  III)  be- 
lieves that  the  rot  can  all  be  laid  at  the  door  of  the  Boll  Worm.  He 
claims  by  his  observations  to  have  proven  that  the  greasy-looking 
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braised  spot,  which  is  the  first  manifeatatioD  of  the  rot,  is  simply  the 
resnlt  of  the  gnawings  of  the  womi  Id  its  attempt  to  penetrate  the  boll 
at  that  point.  Bolls  thns  spotted  were,  as  he  repoits,  watched  until 
in  every  case  the  rot  snperveoed. 

In  spiteofthecoDtldeoce  with  which  Mr.  Stellepntsforth  this  theory,  onr 
experience  woald  indicate  that  he  is  mistaken.  Id  fact  wo  have  learned 
to  qaestion  the  trnstworthineas  of  his  statements,  Mfe  have  repeatedly 
seen  bolls  badly  gnawed  both  by  Aletia  and  by  the  Boll  Worm,  as  well 
as  by  other  Lepidopteroaa  larvtB,  which  yet  were  sound  and  good  inside, 
and  we  believe  the  cases  mentioned  by  Mr.  Stelle  to  have  been  simply 
coincidences.  We  may  also  addnce  the  fact  that  the  jmawings  of  the 
worms  into  tomato  nud  Piiysalis.  fraita  which  rot  very  easily,  seldom  if 
ever  produce  rot.  The  only  decay  actoally  cansed  by  the  Boll  Worm  to 
the  cotton  boll  occnrs  where  the  seed-cavity  has  been  pierced  and  rain 
has  been  enabled  to  enter. 

Many  instances  of  the  carnivorous  propensities  of  the  Boll  Worm  have 
been  met  with  dnring  the  past  few  years.  We  have  known  the  larger 
worms  (and  the  act  has  l>ei'n  repeatedly  seen  by  observers  in  the  employ 
of  the  Oommission]  to  seize  npon  tlio  smRller  worms,  biting  through  the 
akin  and  feeding  npon  the  jnices  of  the  body.  And  this  has  not  only 
been  done  in  the  confined  breediugjara,  bat  upon  the  cotton  plant,  in 
open  air,  with  an  abundance  of  vegetable  food  at  hand.  Professor  Willet, 
as  we  learn  from  his  correspondence  with  ns,  has  also  noticed  the  same 
occarrence  with  these  worms  when  iieediug  upon  tomato,  and  Judge 
Johnson  has  noticed  the  same  habit  among  the  corn-feeding  worms. 
More  interesting,  however,  than  this,  even,  is  the  habit  which  the  Boll 
Worm  has  of  occasionally  preying  npon  the  pupse  of  Aletia.  This  was 
observed  we  think  for  the  first  time  by  Mr.  Trelease  while  in  the  employ 
of  the  Department  of  Agricaltttre  daring  the  summer  of  1879,  at  Selma, 
Ala.     He  says : 

Owing  to  its  toDgh  integameot,  the  pupa  of  Aletia  seems  to  be  freer  from  Inaecl 
attftok  tban  tbe  larva  is,  yet  even  its  bard  skin  does  not  alwa^ra  save  it.  About  tbe 
middle  of  Aiigant  I  flni^  iioticrd  what  apiMtared  to  be  an  anomalons  prepaTatioa  for 
pnpation  in  the  boll-vorm  {Heliolhii  arniigera),  for  I  found  aeverul  full-grovn  lame 
of  this  species  with  leaves  close!;  webbed  nruand  them,  precisely  aa  Aletia  webi  np 
before  changing  to  a  pupa.  An  examination  of  one  of  tliese  leaves,  howet  er,  showed 
me  thai  the  boll-n'orms  had  not  webbed  them  abont  themsalTes,  but  had  loslnnated 
tfaemselves  into  leaves  folded  and  prooccnpied  by  AlelU,  the  latter  having  already 
passed  into  the  pupa  state,  and  they  had  done  this  for  the  express  pnrposA  of  feeding 
on  these  pnpte.     Many  casrl  nf  tM»  tori  wtre  tees. 

Judge  Johnson  gives  the  following  very  interesting  account  of  thia 
habit  in  his  report  of  observations : 

ThODgh  almost  omnivoroua,  Heliothis  larvm  are  essentially  pod  boiers  and  seed 
eaters.  Tbey  will  take  to  anything  having  tho  appearance  of  a  pod.  7bia  is  cari- 
onaly  inanifeat  in  tbeir  preference  for  the  cbrygalides  of  other  Lepidoptera.  The 
larger  worms  would  leave  everything  for  the  pnpn  of  Aletia  when  they  were  plenti- 
fol.  This  special  omnivorons  appetite  was  first  noticed  8ept«mbHr  23,  in  company 
wUli  PnfeaaoT  Jones,  whilst  wo  wen  experimenting  In  a  field  Infested  with  AletiK. 


THE  BOLL  WOBM — CBAKACTBB8  ADD  TRAH8FOHHATION8.      309 

There  ireie  hnndredB  of  the  pnpe  devooiedb;  Bome  enemy  that  broke  into  the  Iftrger 
end.  Mnoh  of  this  wotk  was  fteahl;  doae;  aodwhenwefint  observed  it,  a  fewdkyB 
preTionsly,  I  was  di«poeed  to  attribute  it  to  a  small  black  or  datk-browo  grnb  (snp- 
poMd  to  be  a  TelephoTtu),maD7  of  which  I  fonnd  in  the  Qswly-rifled  chrysalida,  de- 
YoDiiug  the  remains.  But  these  were  nerer  in  Bnfflcient  nombera  to  aaconut  for  ihe 
deatraotioD  of  the  Aletin.  Profswor  Jones  on  the  occasion  alluded  to  caught  a  boll- 
worm  in  the  very  act;  and  I  Ixave  sinoe  Torifled  their  pTopenaity  by  finding  them  to 
toefer  this  diet  to  every  other.  Fnrther  obeervation,  therefore,  led  me  to  aoqait  the 
little  Telephorida  of  initiating  the  robbery.  They  only  play  the  Jackal  at  this  ibast ; 
the  lion  they  follow  is  the  boll-worm. 

Dr.  Aoderson,  in  one  of  his  letters,  says:  "AccompaDyinff  this  I  send 
a  larva  {Heliotkis  armigera)  foood  preying  npon  Aletia  iArva  iii  its  web, 
aDd  this  has  been  so  often  repeated  as  to  indnce  me  to  tbiok  it  may  be 
elaesed  among  those  deetractive  to  AleUa." 

This  habit  was  also  observed  by  Mr.  Hubbard  in  Florida  and  by  Mr. 
Schwans  in  Alabama.  The  latter  states  that  it  was  more  often  the 
strongly  marked,  highly  striped  individuals  which  were  found  preying 
upon  the  Aletia  pups  tiian  any  other  variety. 

So  instance,  so  for  as  we  are  aware,  have  been  noticed  or  recorded 
where  the  Boll  Worm  has  been  found  feeding  upon  Aletia  larvs  when 
free  upon  the  plant ;  but  in  the  breeding-cages  it  will  eat  almost  anything 
in  the  shape  of  a  Lepidopterons  larva,  no  matter  how  much  vegetable 
food  may  be  supplied  to  it.  An  interestuig  instance  of  this  came  under 
our  notice  in  1882,  in  the  ease  of  a  larva  of  Heliothis  found  feeding 
upon  tomato'leaves,  whicb,  when  placed  in  a  breeding-cage  with  Iarv» 
of  Plutia  ftroMtotE,  found  upon  the  same  plant,  not  only  destroyed  the 
Ploeia  larviB  in  preference  to  feeding  upon  the  fresh  tomato  leaves 
furnished  to  it,  bat  even  penetrated  a  newly  spun  cocoon  and  devoured 
a  larva  which  was  filled  with  ^tedmens  of  Oopidoaoma  truncatellutu, 
parasites  and  all. 

The  length  of  life  of  the  larva  of  Heliothis  varies  of  course  with  the 
season  of  the  year,  and  fdso  with  the  state  of  the  weather.  According  to 
Dr.  0-.  W.  Smith- Vaniz,  of  Oanton,  Miss.,  who  has  reared  the  worm 
frxim  the  egg  state,  it  oocopies  from  egg  to  papa,  in  the  month  of  Aa- 
gnst, twenty-one  days.  Prof.  B.W.  Jones,  withoatfartherqaalifloation, 
places  it  at  from  fifteen  to  twenty  days,  and  Judge  W.  J.  Jonee  states 
that  the  early  brood  in  com  spends  three  weeks  in  the  larva  state. 
The  only  detf^ed  statement  of  t^e  growth  of  tiie  worm  yet  published  is 
the  following,  taken  from  Olover  (1866) : 

A.  Boll  Worm  which  was  bred  from  an  egg  fbond  npon  the  inToloore  or  ' '  mffle  "  of 
a  flower-bnd  grew  to  rather  more  than  a  twentieth  of  an  inoh  in  length  by  the  third 
dajr,  when  it  abed  ita  skin,  haring  eaten  in  the  mean  time  nothing  bnt  the  paren. 
ehyma  ortender  fleehy  snbBtanoe  from  the  ontside  of  the  calyx.  On  the  fifth  day  it 
pierced  tbrongb  theonter  calyx  Hid  commenced  feeding  inside.  Onthe  sixth  day  It 
again  shed  itsskin,  and  had  increaaed  to  abont  the  tenth  of  an  inch  In  length.  On 
the  tenth  day  it  again  shed  iteskin,  ate  the  Interior  of  the  yoong  fiower-bnd,  and  had 
grown  mnch  larger.  On  the  fonrteenth  day  for  the  fourth  time  it  shed  ita  akin,  at- 
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tMked  BDdatointoftfoang  baU,auil  had  moieaaed  to  thirteea-twcntiethsoran  inch 
in  leDgth.  From  tills  time  it  ate  nothing  bottlie  iiiaide  of  the  Imll,  aud  on  the  twentieth 
day  the  skin  wu  Agl^n  shed  and  it  liad  grown  to  the  length  of  ut  inch  and  ono-teutb, 
bat,  anfortnnatel  J,  died  before  completing  Us  final  change. 

There  is,  however,  in  this  instaDce  something  of  an  abnormal  cliaracter 
in  addition  to  the  fiict  Uiat  the  measnrementB  of  the  early  stages  are  ob- 
TioDBly  insafBcient.  The  grovth  was  evidently  watched  in  a  breeding- 
cage,  and  perhaps  at  the  Korth. 

The  fnll-grown,  well-developed  worm  averages  i^  {1.  67  inches)  in 
length  and  about  T^  (0.  27  inch)  in  diameter.  On  arriving  at  fill) 
growth  the  worm  works  its  way  to  the  ground,  and,  choosing  a  spot 
where  the  earth  is  somewhat  compact  ratbdr  than  loose  and  friable,  bur- 
rows beneath  fbe  snrface  and  forms  a  snbcylindrical,  straight  or  sloping 
gallery  to  the  depth  of  &om  three  to  six  inches.  This  gallery  is  slightly 
closed  at  itsmoath  and  gradually  widens  towards  its  lower  end,  where  the 
worm  transforms  to  pupa. 

Thb  pupa  (Plate  lU,  Fig.  6). — The  old  and  generally  accepted  state- 
ment was  that  the  pupa  of  Heliothis  is  found  underground  in  an  oval 
eell  composed  of  particles  of  earth  held  together  by  a  loose,  gummy  silk. 
In  Illinois,  at  least,  Professor  French  has  found  that  the  winter  brood 
pupates  in  a  somewhat  different  way.  We  qnote  ftam  his  article  in  the 
Frairie  Farmer  of  October  26,  1878 : 

When  the  larr*  attains  its  ginwth  it  descends  to  the  gronnd,  into  which  it  goes  to 
pDpste.  In  doing  this  it  nBoallr  seleoti  some  place  wheie  the  earth  la  rather  Ann, 
aeemlng  to  prefer  the  seoDritf  a  eompaot  soil  can  give,  t«eaae  in  digging. 

It  dlgB  a  hole  into  this  several  Inches  in  depth  apparently  cementing  the  dirt  as  it 
.  goes  down,  so  that  when  it  reaohes  the  deaired  depth  there  is  a  smooth  channel  fh>m 
the  bottom  to  near  the  snrfaae,  there  being  a  thin  film  of  dirt  over  the  entrance. 

This  hole,  as  I  found  in  digging  abont  oom-hills,  ia  about  a  third  of  an  inch  In 
diameter,  la^er  at  the  bottom  than  at  thetop,  apparentl;  so  as  to  give  Cree  motion  to 
the  ohrfaalis,  and  is  nsnallf  bent  in  its  oqmse  so  that  the  lower  part  would  have  on 
inclination  of  often  as  mnoh  aa  fort;-&ve  degreee.  I  fonndthe  chrysalis  at  the  bottom 
of  this,  the  small  end  downward.  In  one  instance  I  foond  a  hole  so  bent  that  the 
ohryaolis  oconpied  ahorisontal  poeition.  *  *  *  I  began  digging  fortheobryaalids 
in  IfoTember  In  a  field  where  the  worms  had  l>een  abundant  in  the  com,  using  at  firat 
a  apade  and  digging  at  random.  I  hod  expected  to  find  them  in  oval  "  cocoons,"  as 
they  were  supposed  to  moke,  but  ontting  ooroea  channels  in  which  I  alterwaids  fonnd 
chrysalids  led  me  to  dig  a  little  more  oarcfnlly.  I  soon  fonnd  that  by  running  the 
spade  along  the  row  and  and  tiding  off  half  an  inch  or  less  of  the  aarface  I  could  tell 
where  every  chrysalis  was  to  1>e  fonnd. 

The  presence  or  absence  of  this  smooth  coherent  tube  or  "  channel," 
as  Professor  French  calls  it,  depends  greatly,  without  doubt,  upon  the 
fHability  of  the  eartli  in  which  the  borrow  is  made,  as  extremely  loose 
earth  would  fall  in  upon  the  worm,  obliterating  the  tube.  The  "oval 
cell"  is  nothing  more  nor  less  than  the  rounded  ending  of  the  tube,  and 
it  would  be  a  stretch  of  the  imagination  to  call  it  an  earthen  cocoon,  yet 
a  thin  film  of  silk  ia  usually  to  be  seen  upon  the  walls. 

Deprived  of  all  earth,  we  have  known  the  Boll  Worm  to  pupate 
nakedly  and  in  apparently  as  healthy  condition  as  though  the  sonooud- 


THE  BOLL  WORM CHAKACTEES  AND  TRAKSPORMATION8.   37  1 

lags  bad  been  normal.  {See,  also,  report  of  Judge  Lawrence  C.  JobD- 
8011,  Eep.  Ent.,  Dept.  Ag.,  1881-'S2,  p.  150.)  Tbe  length  of  time  wbieli 
Heliotbis  lemains  in  the  papa  state  in  the  cottou  fields  in  midsummer 
varies  ftvm  seven  to  ten  days.  In  spring  and  in  fall  tbe  time  may 
lengthen  to  fifteen,  twenty,  or  even  more.  Ordinarily  tbe  insect  goes 
on  propagating  till  Arost,  but  occasioDal  instances  are  met  with  where  a 
papa  will  remain  qoiescent  Anm  early  in  September,  and  even  in  Augnat, 
on  through  the  'winter. 
The  papa  may  be  described  as  follows: 

Length,  SO""  (0.8  inch) ;  color,  light  mahogany  bromi,  darker  tovratd  head.  Head 
oorered  with  BnuJI,  fftint  grftnnlatioiis  and  with  a  few  Hhallow  transverse  impreesed 
lines  anteriorly ;  kleo  a  few  iiregnlar  imprewions  bdiind  the  eye ;  about  midway  from 
the  posterior  angle  of  the  eye  and  the  posterior  border  of  the  head  in  an  inipresBed 
punotDTe,  firom  which  a  short,  stiff  hair  arises;  there  is  also  another  eballow  triao- 
galtn  ImpiewloD  on  the  medio-dorsal  line  near  the  posterior  bolder  of  the  head.  The 
whole  dona!  earfaee  of  the  thotaoio  Joints  is  finely  panctate,  and  is  oorered  with  irreg- 
ular, shallow,  impressed,  transverse  lines;  the  metathoraoio  Joint  is  mnoh  wrinkled 
dorsally.  The  sarfaoe  of  the  abdominal  Joints  is  similarly  scalptnred ;  the  anterior 
margins  of  Joints  4  to  7  are  coarsely  panctared ;  Joint  4  has  but  few  pQnctnres,  bnt  on 
5,  6  and  7  they  arennmerons;  tbemoreantenorof  these pnnotnresaredee'p,  and  they 
extend  posteriorly  into  long,  shallow,  longitndiual  impressions ;  the  posterior  doraal 
margins  of  each  of  these  joints  are  covered  with  dark-brown  graonlations  of  differing 
fbims.  The  other  joints,  except  the  last,  have  nothing  peculiar  in  their  stmctore; 
the  last  joint  is  lonnded  and  furnished  at  the  tip  with  two  long,  slender,  black  spines. 
Tentrally  the  last  and  the  penultimate  Joints  have  each  a  deep  longitudinal  medial 
Impressed  line.  .  Wing,  leg  and  antennal  cases  covered  wiih  shallow  pnnotares. 

The  dcago  (Plate  III,  Figs.  7,  8,  9}.— As  we  have  already  stated, 
SeUothia  armifftra  is  an  extremely  variable  speciea,  as  would  naturally 
be  expected  from  its  moltitndiDous  food-planta  and  its  almost  tinlimited 
distribution. 

In  general  color  the  mot^s  vary  Irom  a  dull  ooher-yellow  to  a  dull 
olive-green,  Tbe  two  extremes  are  well  shown  upon  the  plate  at  fig- 
nies  7  and  8.  In  these  fignres  the  normal  type  of  markings  is  also 
shown,  bat  in  this  respect,  also,  there  is  great  variation.  Many  individ- 
uals exhibit  almost  immaculate  front  wings,  while  in  others  the  typical 
markings  are  deep«ied  far  more  than  in  the  fignres.  Inageoeral  expe- 
rience covering  some  twenty  years  with  this  moth,  as  found  iu  corn-fields 
in  tbe  West,  and  covering  some  half-dozen  years  in  tbe  cotton-fields  of 
the  Sonth,  we  believe  that  the  former  are  on  an  average  brighter  col- 
ored and  darker  than  tbe  latter.  Tbe  markingsof  the  bind  wings,  al- 
though  much  more  constant  than  those  of  the  fore  wings,  vary  princi- 
pally in  the  breadth  and  depth  of  color  of  tbe  dusky  baud  on  the  hinder 
margin,  and  in  the  size  of  the  light  spots  within  this  band.  With  the 
flgares,  and  tbe  description  already  qaoted  (p.  358)  of  the  form  called 
umbrosus  no  more  extended  popular  characterization  of  tbe  moth  will 
be  necessary. 

The  position  of  the  moth  when  at  rest  is  characteristic,  or  at  least 
diBtingnisbes  it  radically  from  Aletia.    The  latter,  it  will  be  remembered, 
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holds  ite  wiugs  tightly  closed,  roof-shaped,  over  its  back,  oiily  the  fore 
wiugs  heinj;  visible ;  the  former,  on  the  contrary,  carries  its  wings 
slightly  elevated,  and  also  slightly  open,  so  that  a  portion  of  the  abdo- 
men and  of  the  bind  wings  can  be  plainly  seen,  as  Is  shown  at  flgare  9 
of  the  plate,  which,  as  also  the  correaponding  Agnres  of  the  Ootton 
Worm  moth,  were  sketched  by  ns  firom  natnre  in  the  Aeld. 

Id  passing  through  a  cotton-fleld  or  an  ac^joining  patch  of  cow-peas 
daring  the  day  any  nnmberofBoU  Worm  moths  vill  beflashedfuidwill 
fly  away  with  that  blind,  qnick,  darting  motion  common  to  nefu-Iy  all 
Koctuids  in  the  broad  light  of  day.  At  night-time,  however,  theirflights 
are  longer.  Judge  Johnson  says :  "They  seem  to  prefer  to  hide  in  the 
cow-peas  and  in  the  clover — when  these  grow  near — and  may  be  seen 
about  sanset  sucking  the  honey  secretions  of  flower-st«ma  of  peas,  and 
dipping  into  the  blossoms  of  clover."  Their  regular  flight  begins  at  sun- 
down, or  shortly  thereafter,  and  they  feed,  in  addition  to  the  plants 
already  mentioned,  on  the  nectar  of  the  cotton  plant  and  of  the  oo£Eee- 
w^ed,  and  also  on  other  neotar-secretiDg  plants. 

On  one  occasion  Mr,  Schwarz  found  the  moth  feeding  in  the  middle 
of  the  day  upon  a  blossom  of  Selmiiwn  tmutfolium. 

In  feeding,  liie  behavior  of  the  moths  is  much  like  that  of  Aletia,  the 
antennee  being  kept  in  almost  constant  vibration.  They  have  also  been 
observed  to  hover  before  a  gland,  steadying  themselves  with  their  fore 
legs.  When  at  rest  and  sacking  nectar,  as  before  stated,  they  do  not 
fold  the  wings  like  Aletia,  bat  keep  them  raised  and  partly  open.  The 
tip  of  the  masillffi  or  hanstellnm  is  armed  moch  as  in  the  Cotton  Worm 
moth,  save  that  the  point  is  not  so  sharp  and  the  penoltimate  portion 
is  not  so  strongly  barbed.  We  have  heard  no  authenticated  account  of 
damage  perpetrated  by  the  Boll  Worm  moth,  but  the  similar  armature 
of  the  maxiUfe  plainly  indicates  that  it  is,  or  has  once  been,  the  habit  of 
the  moth  to  pierce  the  skins  of  fhiit 

NTTHBBS  OF  BBOODB. 

It  is  impossible  to  speak  with  any  degree  of  deflniteness  concerning 
the  number  of  annoal  broods  of  the  Boll  Worm  in  the  Soathem  cotton- 
Aelds.  A  oonfOsion  of  generations  begins  veiy  early  in  the  season,  and 
we  soon  find  the  worms  in  the  field  in  all  stages.  Accidental  circum- 
stances may  favor  the  development  of  the  descendants  of  one  moth 
and  retard  that  of  another.  Generation  after  generation  is  produced 
I  until  the  approach  of  cold  wftither,  and  consequently  much  depends  on 
the  length  of  the  season.  The  average  length  of  time  occupied  by  the 
insect  in  all  of  its  transformations  is,  say,  thirty-eight  days,  and  this, 
allowing  from  the  15th  of  April  to  the  middle  of  October  as  the  active 
period  of  its  life,  would  give  as  flve  broods.  This  is,  so  for  as  we  can 
ascertain  from  actual  observation,  the  normal  number  throughout  the 
more  southern  portions  of  the  cotton  belt. 

As  we  have  already  stated  under  the  head  of  food-plants,  the  ^nt 
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three  broods  feed  nsnally  in  cont-flelda.  Tbe  first  brood  makes  its  ap- 
pearance aboat  tbe  Ist  of  May  or  a  little  before,  and  feeds  almoet 
ezolaeivdy  npon  tbe  leaves  and  terminal  bnds  of  corn.  Tbe  second 
brood,  appearing  in  early  Jnne,  feeds  npon  tbe  tasselsand  forming  earsj 
and  the  third  brood,  which  corresponds  nearly  with  the  second  brood 
St  tbe  North,  appears  in  July  and  feeds  upon  tbe  hardening  corn,  bor- 
ing through  the  hnsks  and  pupating  underground,  as  its  predecessors 
have  done.  At  the  time  of  the  appearance  of  the  next  brood,  however, 
the  kernels  of  com  have  become  hard,  and  in  preference  tbe  moths 
oviposit  upon  cotton,  which  at  this  time  bears  many  bolls  of  a  sofB- 
cieutly  tender  age.  Previous  to  this,  however,  worms  will  have  been 
fonnd  npOD  cotton  which  have  attained  their  full  growth,  with  no  other 
food  than  tbe  leaves  and  flowers  of  this  plant.  These  cases  are,  bow- 
ever,  exceptional,  although  by  no  means  very  rare.  Other  crops  on  the 
plantation  suffer  from  these  worms  during  the  early  part  of  the  season, 
-  and  in  speaking  of  the  early  corn-feeding  habits  we  are  treating  only 
of  tbe  bulk  of  the  brood. 

The  first  time,  then,  that  the  Boll  Worms  are  to  be  seen  in  force  upon 
cotton  is  aboot  the  first  of  August,  and  these  worms  are  usually  repre- 
sentatives of  the  fourth  brood.  Our  observers  are  unanimous  in  stating 
that  from  this  point  there  are  two  broods  on  cotton,  tbe  second  brood  be- 
ginning about  the  aecond  or  third  week  in  September  and  entering  the 
ground  to  pupate  from  the  first  to  the  middle  of  October.  Occasionally  the 
final  transformation  for  tbe  season  may  take  place  considerably  earlier. 
Thus  Dr.  G.  W.  Smitb-Taniz  has  reported  a  worm  which  entered  the 
ground  September  22  and  remained  in  tbe  pupa  state  all  winter.  Nor- 
mally, in  fact,  the  Boll  Worms  disappear  some  time  before  tbe  Cotton 
Worms  do.  Here,  agaio,  in  treating  of  the  last  two  broods  upon  cotton 
we  speak  only  of  tbe  bulk  of  the  brood,  for  some  few  larvfc  are  always 
to  be  found  feeding  npon  the  hard  kernels  of  com  until  late  in  the  Fall. 
If,  as  we  have  stated,  there  are  three  normal  broods  a  year  as  far 
north  as  New  Jersey,  Ohio,  and  ICforthem  Illinois,  then  in  South  Caro- 
lina, North  Georgia,  Tennessee,  and  Arkansas  there  are  probably  four 
broods,  and  as  many  as  six  in  South  Texas  and  Florida. 

HIBEENATIOIf. 

There  can  be  no  doubt  whatsoever  that  the  normal  method  of  hibema- 
tioD  is  in  tbe  popa  state.  We  have  already  described  tbe  papa  cell,  and 
given  the  dates  for  the  disappearance  in  the  fall  and  the  appearance 
of  the  moths  in  the  spring ;  so  little  more  need  be  said  under  this  bead. 
Concerning  the  moths  which,  induced  by  a  warm  autumn,  issue  too  late 
to  find  food  for  their  progeny,  we  are  at  a  loss  to  say  what  becomes  of 
them.  Judging  from  analogy,  it  would  seem  as  if  there  were  nothing 
to  prevent  tbem  from  hibeniatiug ;  yet  tbe  fact  remains  that  among  the 
enormous  number  of  moths  either  captnred  by  us  or  our  assistants,  oi' 
sent  to  us  by  correspondents,  dnting  the  past  four  years,  as  hibernating 
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Aletias,  there  has  notbeenasiDgle  Heliothis.  In  awannfall  themoths 
have  been  known  to  issue  during  the  month  of  November ;  bat  whether 
these  indiTiduals  die  or  exceptionally  hibernate  is  as  yet  an  undecided 
point.  Oar  former  statement  (Third  Missonri  Eatomologioal  BeiKnt,  p. 
107*)  as  to  the  hibernation  of  moths  was  made  after  observations  dur- 
ing a  late  foil,  when  most  of  onr  specimens  Issned  before  winter,  and  ve 
erroneously  took  this  exceptional  ocooirence  for  the  mle. 

8UMMA£2  OF  THB  DISTINaniBHINO  POINTS  GOUPAAED  WITH  AI.BTIA. 

The  most  salient  points  of  difference  between  the  Ootton  Worm  and 
the  Boll  Worm — those  which  will  enable  the  planter  to  most  readily 
distinguish  between  the  two  insects  at  any  stage  of  growth — may  be 
briefly  summed  up  as  follows : 

Eoo. — ^Tbe  egg  of  the  Aletia  is  of  a  delicate  bluish-green  color,  wliile 
that  of  the  Heliothis  is  dirty  whit«.  Although  the  two  eggs  are  of 
about  the  same  transverse  diameter,  the  Aletia  egg  is  very  flat,  while 
that  of  Heliothis  is  conical,  ita  longitudinal  being  equal  to  the  transverae 
diameier.  Dr.  Phares  has  neatly  expressed  the  difference  in  shape  by 
likening  the  egg  of  Heliothis  to  an  inverted  tea-cup,  and  that  of  Aletia 
to  an  inverted  saucer. 

liABTA. — The  fnll-grown  Boll  Worm  is  somewhat  longer  and  much 
thicker  than  the  fnll-grown  Cotton  Worm.  It  early  loses  the  looping 
method  of  locomotion,  which  to  a  certain  extent  persists  thronghont 
life  with  Aletia.  The  reason  for  this  is  that  the  &ont  pair  of  prolegs 
(on  the  third  abdominal  joint)  is  well  developed  in  Hfliothis,  while,  as 
we  have  already  seen,  it  is  atrophied  in  Aletia.  The  differences  in 
the  normal  markings  are  well  shown  upon  the  plates,  yet  certain  of  the 
young  Boll  Worms  so  closely  resemble  Ootton  Worms  that  some  other 
distinguishing  character  than  that  of  stripes  is  needed.  This  character 
is  to  be  found  in  the  piliferoas  tubercles  on  the  baek  of  both  larv^  Of 
these,  in  each  species,  there  are  four  upon  the  upper  side  of  each  ab- 
dominal joint.  In  Aletia  these  four  spots  form  the  comers  of  a  rec- 
tangle. In  Heliothis,  however,  the  posterior  two  are  more  widely  sepa- 
rated than  the  anterior  pair,  so  that  the  four  form  a  sort  of  trapezoid. 
This  character  is  absolutely  constant. 

Pupa — The  pupa  of  Heliothis  is  always  found  beneath  the  surfoce  of 
the  ground ;  that  of  Aletia  is  always  above  ground  and  usu^ly  inclosed 
in  a  nest  of  silk  and  enveloped  in  a  leaf.  The  pupa  of  Aletia  is  slender, 
usually  dark  brown  or  almost  black  in  color,  and  has  a  dull  appearance. 
The  pDt>a  of  Heliothis,  on  the  other  hand,  is  stout,  light  brown  in  color, 
and  ia  smooth  and  shining.  The  abdomen  of  the  pupa  of  Aletia,  as  has 
already  been  shown,  is  elongated  and  bears. on  its  tip  six  delicate  ox- 

*MoBt  of  tbemotliB  ibhiio  in  the  fall  and  bibernate  as  sncb,  bot  some  of  them  pasa 
the  winter  in  Iho  clirjsalis  state,  and  do  not  {ague  till  tho  following  spring.  1  have 
known  Ilium  to  isHiio  in  lliia  latitiido  (3^1°  uortb)  after  the  let  of  November,  wben  no 
fnst  bad  previously  ocoarred. 
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curved  Bpinee.    The  pnpa  of  Heliothis  at  tbe  extremity  of  its  abdomeD 
ia  ronnded  and  bears  two  loDg,  straigbt,  stender  spines. 

Adult.— The  differences  between  tbe  two  moths  are  so  well  marked 
and  so  easily  seen  by  a  glance  at  the  plates,  that  it  aeeme  annecesssor  to 
particularize.  The  Hellothis  is  a  larger  and  stoater  bodied  moth  thaD 
Aletia,  although  tbe  wing  expanse  is  bot  slightly  greater.  Aside  from 
the  differences  Id  color  and  markings,  wbicli  are  so  plainly  perceptible  in 
two  cabinet  specimens  placed  side  by  side,  the  Heliothis  may  usually 
be  distinguished  either  at  rest  or  during  flight  by  tlie  conspicnoas  black 
band  on  the  hinder  border  of  the  hind  wings,  which,  as  we  have  already 
seen,  is  partly  shown  by  tbe  slight  lilting  of  tbe  front  wings,  even  when 
the  moths  are  at  rest. 

NA.TUBAL  ENEMIES. 

The  natural  enemies  of  the  Boll  Worm,  so  far  as  they  have  been  ob- 
served, are  almost  identical  with  those  of  Aletia.  Among  the  verte- 
brates Bats  have  been  seen  to  catch  the  motbs  on  the  wing  at  night 
and  devour  them,  and  tbe  smaller  animals  mentioned  in  the  chapter  on 
the  natural  enemies  of  Aletia  feed  upon  Heliothis  as  well.  Domestic 
poultry  seem  to  have  no  preference  as  between  the  two  worms.  The  fol- 
lowing evidence  of  the  good  ofBces  of  poultry  is  &om  Judge  Johnson's 
report: 

Bat  of  all  birda  the  moat  effectual  I  have  fonod  are  domestic  turkei^s  and  cbicbens. 

Tnrkeje  nuige  tbnmgh  n  oottou  field,  looking  np  into  tbe  lenvM,  and  well  hid  miiHt 

be  tbe  worm  tbe;  do  not  find.    Tbelr  value  bse  long  been  Icoown  in  tobacco  fields. 

Cbickeiw,  on  the  other  baud,  not  ho  good  after  tbe  wonne,  are  exceeding!]'  active  la 

.  parsnit  of  moths. 

When  two  Btnoll  fields  near  me,  and  daily  visited  this  summer,  became  natuTnlly 
planted  with  Aletia  thelast  of  Aagnst  and  lot  of  September,  the  neighboring  turkeys 
luid  cbiobens  were  there  from  morning  till  evening.  They  never  allowed  Aletia  to 
get  more  than  half  grown.  Even  when,  on  the  20th  of  September,  1  hronght  hnn- 
dreda  of  Aletia  larvte  into  cAie  of  tbem  fbr  experimeota  with  pyretbram,  the  tnrkeys 
bnnted  them  out  with  eoperior  interest  and  eyesight.  In  a  few  honn  none  were  left, 
except  two,  which  were  old  enough  to  web  up  befbre  they  were  fbnnd  ont. 

How  they  shonid  find  the  Boll  Worms  so  often  I  do  not  know. '  Bnt  as  afiiot  itwad 
vain  for  me  to  m^k  stalks  with  young  Heliothis  upon  tbem  fbi  Aitnie  obeervations. 
Tbe  tnrkeye  were  there  from  morning  ontil  night,  and  Heliothis  did  not  dare  to 
■bow  his  noee,  as  he  often  does  at  the  close  of  day,  without  danger  from  these  vigi- 
lant gnards.    Practically  I  was  compelled  to  cage  all  I  proposed  to  watch. 

To  the  great  planting  JntereHt  these  foots  ciui  be  of  little  valne.  It  would  require 
flocks  of  immense  Gumbersand  to  be  herded  ahont  over  the  fields,  t«  accomplish  any- 
thing proportionate  to  what  is  above  related  of  small  patehea  near  habitations. 

Probably  all  insectivorous  birds  nesting  in  the  South  assist  in  the 
destruction  of  Heliothis.  As  a  matter  of  &ct,  however,  but  few  observa- 
tions have  actually  been  made.  The  King  Bird  or  Bee  Martin  [Tj/rmn- 
nits  oarolinetms  Baird)  has  been  especially  mentioned  fay  several  obsOTV- 
ers,  as  also  the  Mocking  Bird  (Mimva'polyglottus  Boie).  Ooncerniog 
these  two  birds  Mr.  Glover  has  said : 

Insectivorous  birds  also  serve  oa  very  neefol  agents  in  the  diminution  of  tbe  Boll 
WoTpi.    Jo  proof  of  this  fact  I  will  state  that  I  bare  seeq  a  kiug-bird,  or  bee-martin, 
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ohoM  Aud  cftptnie  a  Boll  Worm  moth  not  tea  pooM  from  where  I  itood,  ftnd  wUoli  I 
was  in  pnTMiit  of  at  the  game  tyne ;  also,  that  some  yonnK  mocking-birds,  kept  In 
their  Deetene&r  an  open  window,  were  fed  daily  bj  their  parents  with  inaeotH,  among 
wMoh  were  qoantitiea  of  the  Boll  Worm  motA,  aa  wae  proT«d  by  the  gnmnd  onder- 
nwth  being  atnwn  with  their  diaaeTered  wings. 

Iq  addition  to  these  we  may  mentioii  particalarly  the  Bine  Bird  (jSio- 
lia  Halit  Baird),  the  Orioles  (latenu  baUimore  Daadin  and  7.  tpwr^u 
Bonap.),  and  the  Qnail  (Oriyx  virginianw). 

With  regard  to  the  predaceoos  inseot  enemies  we  need  hardly  do  more 
than  refer  bach  to  the  corresponding  foes  of  Aletia.  Mr.  G-Iover  has 
given  an  account  of  a  small  spider,  probably  a  Theridioid,  which  fbeds 
opon  yonng  Boll  Worms  as  they  are  piercing  the  ioTolncre,  making  its 
nest  between  the  involucre  and  the  boll.  Professor  Jones  has  mentioned 
spiders,  Ladybird  larvfe  [Oooeinellida),  Aoanthoc«pMa  fanorata,  the 
Wheel  Bng  (Prionotus  oriatatua),  the  Bpined  Soldier-bag  {Foditut  apitto- 
MM),and  the  'Vigefr-boeUes  {Oioindelida).  Several  of  the  commoner  spe- 
cies of  Oronnd-beetles  destroy  the  worms  as  they  enter  the  gioond  to 
pnpate. 

With  regard  to  Ante  the  evidence  is  contradictory.  Professor  Jones 
says :  "  I  never  have  seen  ants  eating  them  [the  Boll'  Worms]  in  any 
state,  Qntil  they  had  been  killed  or  iqjnred  by  some  other  agent,  or  had 
died,  except  when  the  worms  were  confined  in  jars ;  even  this  was  a  very 
rare  occorrenoe.  I  think  I  observed  it  bnt  twice,  and  both  these  in- 
Bbmees  were  at  my  residence.  No  instance  occurred  In  the  laboratoiT 
where  my  work  was  done." 

Mr.  Tt«lea8e,hoveTer,  details  a  contrary  experience  in  his  report  made 
to  Professor  Oomstock  in  1879,  as  follows : 

Like  the  Cotton-oatArpillar,  the  Boll  Worm  fa  more  abundant  in  wet  than  in  dry 
pUoee ;  at  least,  inch  was  mj  ezperienoe,  and  it  is  also  said  to  do  IwtCsr  in  wet  than 
In  dry  seasons.  This  ia  readily  explained  by  the  hostility  of  ants,  which  u«  more 
abundant  in  dry  than  in  wet  plaoes,  and  in  fair  than  in  rainy  aeaaona. 

Early  In  Jane  several  half-grown  "  bnd-worms"  were  ooUeoted  on  Indian  oom  and 
transferred  t«  ootton-plautfl  with  a  view  to  watching  their  aotions.  Care  was  taken 
to  plac«  them  upon  plants  on  which  there  wwe  no  ants.  Seating  myaelf  beside  than, 
I  awaited  developments.  At  first  they  evinced  no  desire  to  do  more  tluu  oonoeal 
tkemselTea  beneath  the  leaves  from  the  glare  of  the  enn.  Bnt  it  was  not  long  befin* 
a  stoay  ant  appeared  on  the  plant,  and,  finding  the  larva,  prooeeded  to  mn  rooBd  and 
round  it,  biting  it  whenever  it  conld. 

Soon,  however,  finding  that  unaided  it  eonld  do  little,  the  ant  left  the  plant,  and, 
alter  watching  it  a  short  time,  I  lost  sight  of  it;  bnt  in  a  few  minntee  it  ntomed  ao- 
oompanied  by  aeveral  others  of  the  aame  species.  In  a  little  while  the  worm  was  so 
worried  that  it  fell  from  the  plant,  and  was  w)o&  killed  and  carried  off  by  its  tonuent- 
ors,  which  followed  it  to  the  gronud. 

Several  times  I  saw  this  repeated,  the  Boll  Worm  being  killed  in  each  ease  within  an 
honr  after  the  time  when  they  were  placed  on  the  ootton.  The  black  ant  was  also 
seen  to  kill  these  larvse  upon  several  occasions,  andonoe  or  twice  when  thewonnshad 
not  been  interfered  with  by  me. 

The  truth  of  the  matter  probably  ia  that  certain  species  of  ante  de- 
vour the  eggs  and  young  of  the  Botl  Worm,  as  well  as  an  occasional 
fall-grown  specimen  with  the  same  avidity  that  they  do  Aletia, 
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Under  thu  head  of  predaoeons  enemies  we  may  properly  mention  He- 
Uothis  itaeif,  bnt  ire  have  already  given  patrtionlars  of  its  cannabalistio 
haMts. 

It  was  thonght  for  a  long  time  that  the  Boll  Worm  wm  abeidately 
free  from  trae  parasites,  bnt  this  has  been  proved  ootroe.  Three  qie- 
oies  of  parasites  have  been  bred  and  oDdoabtedly  more  will  be  foond. 
In  1872  we  bred  TaeMna  anonyma  Biley  from  Seliotkit  armigtra,  and 
mentioned  the  fact  in  a  foot-note  to  page  129  of  onr  Fonrth  Miasonri 
Entomological  Beport.  In  1879  the  species  of  Tachina  which  we  have 
described  as  Taokina  al^ia  (Oonodian  Uniomotogigt,  XI,  p.  162),  and 
which  is  also,  as  the  name  implies,  en  important  parasite  of  Aletia,  was 
bred  at  the  Department  £rom  a  BoU  Worm  collected  at  Selma,  Ala.,  by 
Mr.Trelease.  The  white  egge  of  this  Toohina  have  also  been  observed 
by  Mr.  Hnbbard  at  Orescent  City,  Fla.,  by  Jadge  Johnson  at  Holly 
Springs,  Miss.,  and  by  Prof!  E.  W.  Jones  at  Oxford,  Miss.  The  latter 
says: 

In  the  letter  part  of  th«  Beoaan  a  gnmt  many  larm  of  Hellothia  and  Aletia  bore  a 
white  egg  wMoli  was  fonnd  to  t)e  Tachina.  In  aome  Inataneea  the  motiia  hatohed  oot 
notwithBtauding  the  egga  of  the  pannte.  In  othra  omm  the  ehtysalb  wM  dMtroy«d 
by  the  grab ;  the  latter  waa  genentUj  the  case.  Sometimea  aa  many  aa  five  egga  (rf 
Taohbi*  would  be  Atnnd  on  one  larra  of  Eeliothis  or  Aletia ;  more  ganentUy  on  Ale- 
tia than  Heliothis.  This  Taohina  mnst  be  on  exceedingly  formidable  enemy  of  both 
Aletia  uid  Hellothia. 

It  is  interesting  to  note  that  Tachina  eggs  were  observed  on  Boll 
Worms  many  years  ago.  Mr.  J.  W.  Boddie,  writing  in  1850,  says  (see 
Bibliographical  List):  "I  cannot  acconnt  for  their  disappearance,  for 
the  season  was  favorable.  They  may  have  been  destroyed  by  some  of 
the  lohneomonidie  family,  perhaps  the  wAito  oblong  dott  we  saw  on  them. 
I  never  saw  them  on  the  first  brood  or  their  eggs." 

The  remaining  parasite  is  also  one  which  is  common  to  Aletia.  It  is 
the  Trichogramma  egg-parasite,  Triehogramma  pretiosa  RHey  (see  page 
102).  It  was  bred  by  Mr.  Hnbbard  from  the  eggs  of  Heliothis  at  Ores- 
cent City,  Fla.,  and  the  specimens  sent  were  accompanied  by  the  note: 
"£gg8of  both  Aletia  and  Heliothis  parasitized  tnrn  black  on  or  by  the 
second  day ;  the  Ohalolds  disclose  abont  7  or  7^  days  from  the  time  the 
eggs  are  stong."  The  only  point  in  which  the  parasitism  of  the  eggs 
of  the  Heliothis  will  be  fonnd  to  differ  from  that  of  Aletia  eggs  is  that, 
owing  to  its  greater  capacity,  the  egg  of  Heliothis  will  probably  sos- 
tain  more  of  the  parasites. 


Under  the  head  of  remedies  we  may  briefly  mention  in  the  first  plaoe 
two  plans  which  have  had  strong  advocates  for  many  years.  These  are 
topping  the  cotton  and  rotation  of  crops.  The  first  of  these  plans  has 
been  followed  by  many  planters,  bnt  it  is  an  easy  matter  to  show,  as  has 
been  done  with  Aletia,  that  the  number  of  eggs  Ifud  npoo  the  part  of 
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the  plant  vhioli  Is  removed  io  the  procees  of  topping  is  bo  simUl  pro- 
portionally  that  their  deetmction  will  not  pay  for  the  labor  ezpeuded. 
With  coro,  topping  might  occasionally  be  of  some  avail,  as  it  tends  to 
haatea  the  matoring  of  the  ears,  rendering  them  distasteAil  to  the  wonns. 

Any  one  who  has  read  the  long  and  varied  list  of  food-plaolB  vhich 
ve  have  already  given  will  at  onoe  see  the  objection  to  the  adoption 
of  rotation  of  OTops  as  a  remedy.  With  food-plants  ao  uameroos,  a 
cessation  in  the  growth  of  one  of  them,  even  though  it  were  the  prin- 
cipal one,  ooold  mafce  no  very  important  difGerence  in  the  numbers  of 
the  BoU  Worms.  Stall  many  writers  have  niged  this  as  a  sore  prevent- 
ive, and  It  is  a  onrions  &ot  tiiat  a  correspondent  of  the  Souther*  C%Ui- 
vator  a  nomber  of  years  ago  proposed  com  as  a  most  excellent  crop  to 
rotate  with  cotton,  never  anspeoting  the  identity  of  the  Oorn  and  Boll 
Worms. 

Bablt  plaktino. — In  onr  Third  Report  on  the  Insecta  of  Missoori, 
we  expressed  the  opinion  that  com  planted  very  early  and  very  late  is 
more  apt  to  t>e  badly  infested  than  that  planted  moderately  early  and 
moderately  late,  the  early-planted  crop  being  infested  by  the  first  brood 
and  the  late  by  tJie  second  brood.  Professor  French,  however,  in  the 
Seventh  Illinois  Bntomol<^cal  Beport,  has  detailed- a  contrary  expe- 
rience, in  which  late-planted  com  &red  badly  while  the  early  crop  es- 
caped. In  a  bad  worm  year  onr  rule  would  nadoabtedly  hold  good; 
bat  in  an  ordinary  season,  if  the  com  is  planted  early  and  forced  to 
early  maturity,  tiie  ears  will  have  become  hard  before  the  second  brood 
has  made  its  appearance,  the  first  brood  not  being  aofflciently  nnmer- 
ODs  to  do  any  marked  damage. 

Lo'W  OOBN  vs.  HIGH  COBN. — In  the  Paeific  £iir<U  Press  for  September 
13, 1879,  Professor  French  put  forth  the  following  idea: 

I  have  found  for  the  post  two  yeaia  that  where  there  were  two  varietieH  of  ootn 
growing  near  each  other,  tAe  one  tall,  with  ean  five  or  aix  feet  from  the  ground,  and 
the  other  short,  the  tell  oom  would  be  free  from  worias,  while  the  other  wonid  have 
ftomSO  toWper  cent,  of  thaean  waving.*  Where  the  tall  com  hae  been  growing  by 
Itself  there  are  nnally  eoniB  worms  in  the  ean,  bnt  not  bo  many  as  in  fields  of  a  low 
Tarietj.  The  reason  of  thisaeeins  to  be  in  the  faetthat  the  parent  moth  does  not  fly 
above  3  or  4  feet  high  if  It  can  find  sni table  places  for  depositing  the  eggs.  Proliahly 
every  one  familiar  with  the  moth  has  noticed  that  when  diatnrbed  or  drawn  from  its 
retreat  in  the  day-time,  the  moth  Htarts  np  from  some  piece  not  mote  than  8  or  3 
fMt  from  the  gronnd.  Kow  it  is  evident  from  these  points  that  if  a  kind  of  sweet 
eoni  can  be  had  growing  tall  enongh  eo  that  its  ears  shall  he,  say,  G  feet  firom  the 
gronnd,  and  small  patches  of  some  low-growing  kind  be  planted  near  this,  the  tall  kind 
will  be  onmolested  while  the  egge  will  be  deposited  in  the  ears  of  the  low  variety, 
thus  BeoQiing  com  for  the  market  without  worms.  The  low  kind,  while  not  fit  for 
market,  need  not  be  a  perfect  loss,  tot  it  oan  be  fed  to  stock,  probably  being  worth 
enon^  fbr  that  nse  to  pay  fbr  lt«  onltnie. 

Faix  plowino. — In  those  localities  where  the  temperatnre  falls  low 
enongh  every  winter  to  flreeze  the  groond  to  the  depth  of  six  inches,  or 
even  lees,  late  fall  plowing  will  uudoabttHlly  destroy  most  of  the  hlber- 

*  The  wavy  appearanoo  of  the  shriveled  husk  ie  here  allndod  to.— C.  T.  H. 
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Dating  chryeaUds.    Professor  Frencb  iias  experimented  upon  thispoint, 
aod  we  qnote  hie  results  from  the  Prairie  Farmer  for  October  26, 1878 : 

To  Bee  what  effect  freezing  would  have  npon  the  chrysalids  under  differant  oironm- 
ttaooee  I  obtained  qnlto  &  unmber  the  fore  poxt  of  lant  Deoember  and  treated  them 
•8  followa,  numbering  the  different  lots  for  oonTenience :  No.  1  I  put  in  loose  dirt, 
moistened  a  little  and  allowed  to  f^eze;  No.  2  were  pnt  in  loose  dirt  of  ^e  same 
olMTWiteT,  kept  slightly  moist,  but  were  not  allowed  to  freeze ;  No.  3  were  placed  In 
Mgmente  of  the  smooth  oella  or  holes  from  which  they  hod  been  taken,  the  dirt  of  the 
oellfl  kept  as  moist  aa  when  taken  from  the  field,  but  no  loose  dirt  allowed  to  get  into 
the  cells  Tonnd  the  chyrealida,  and  they  were  allowed  to  freeze ;  No.  4,  were  treated  in 
the  same  way,  but  were  not  allowed  to  freeze ;  No.  5,  were  cared  for  in  a  room  of 
about  the  same  tempeiatnre  all  winter  and  in  a  way  best  adapted  to  keep  them  from 
moulding. 

After  a  few  hard  freezes,  and  the  temperatore  hsd  become  milder,  an  examination 
of  lota  1  and  3,  that  hadbeen  allowed  to  freeze,  showed  that  all  of  lot  one  were  dead,  hnt 
none  of  lot  3.  Lota  S,  3, 4  and  5  were  then  placed  side  by  eide  and  oarod  for  alike 
Uie  rest  of  the  winter,  eo  far  as  moisture  and  temperatoteweie  concerned,  bat  after  a 
while  those  of  lot  2  were  taken  ont  of  the  dirt  and  eared  for  the  same  aa  lot  5.  These 
began  hatching  Hay  27,  of  laet  spring,  and  continned  to  come  ont  till  Jnly  29,  and 
I  could  not  see  as  any  greater  percent,  of  lot  5,  that  had  been  well  oared  for  all  the 
time,  hatched,  than  2  or  3. 

From  the  effect  of  freezing  npon  those  that  had  been  mixed  with  moist  earth,  tho 
eonclnaion  was  inevitable  that  fall  plowing  followed  by  fall  rt^s  and  winter  freezing 
wonid  prodooe  the  same  resnit,  for  the  plowing  must  break  up  their  smooth  cells  and 
allow  them  to  become  SDrtoondi^d  by  the  loose  soil  which  when  wet  sticks  to  them. 
If  frttzen  in  this  condition  they  are  evidently  eo:Bily  killed,  but  eo  long  !m  their  cells 
remain  entire  no  amonnt  of  freezing  under  ordinary  circumstances  seems  to  injure 

Thia  evideDce  seems  very  satisfactory,  and  in  the  northern  part  of  the 
cotton  belt  at  least,  as  well  as  in  the  great  corn-growing  regions  of  the 
West,  fall  plowing  will  undonbtedty  prove  an  excellent  remedy.  In  the 
m%)or  part  of  the  cotton  belt,  however,  eotuething  elBO  is  needed. 

Debtbuction  op  THE  JSOTSS.— Lights  and  poisoned  Sweets.— These 
remedies  have  been  fnUy  discussed  nnder  the  bead  of  Aletio,  and  the 
reasons  fcr  their  apparent  want  of  snccesa  given.  Testimony  is  not 
wanting  aa  to  their  efficacy  with  Heliothis.  Mr.  SchwDxz,  in  one  of  his 
letters  from  Texas,  deacribes  a  simple  trap-lantern  used  by  planters  in 
the  Tlcinity  of  Heame,  Tex.,  the  use  of  which  "  proved  most  effectual 
against  the  ravages  of  the  Boll  Worm,  which  in  1877  did  more  harm  her© 
than  Alotia,  and  which  was  killed  in  great  numbers  by  this  method." 
Experiments  made  by  Mr.  Schwarz  during  the  summer  of  1879  at  Colum- 
bos,  Tex.,  where  twenty  lamps  were  watched  and  the  captures  tabulated, 
showed  that,  althongh  not  so  abundant,  the  moths  of  Heliothis  were 
more  readily  attracted  by  the  lamps  than  Aletia,  and  more  were  caught 
in  this  way.  It  most  be  remembered,  however,  in  experiments  of  this 
kind,  that  a  large  proportion  of  the  moths  captured  are  males,  or  females 
which  have  already  deposited  their  eggs.  Mr.  Crane,  of  Mandarin,  Fla., 
who  lost  in  1878  a  large  proportion  of  his  crop  of  tomatoes  by  Helio- 
this, in  1879  built  fires  of  light  wood  in  his  field  with  much  profit. 
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A  mnrked  example  of  the  benefit  of  poisoned  aweets  is  ttie  experieDoe 
of  Colonel  SorBby,  as  given  in  tbeDepartmentofAgricnItare  Report  for 
1865: 

We  pKMnnd  eighteen  conunon-siEed  dinner  platea,  into  each  of  which  we  put.  half 
A  gill  of  Tlnegar  and  molaMes,  previoaBly  ptepued  in  the  proportion  nf  four  parte  of 
thefonuer  to  one  of  thelntter.  Theee  plates  wereaet  on  snu|llBtakeaorpo1esdrivnn 
into  thegronnd  in  tbe  cotton-fleld,  one  to  about  each  three  aoree,  ruid  reaching  a  little 
aboTe  the  ootton-plont,  with  a  six-inch  B([aaie  boaid  tacked  on  top  to  receive  the 
pl«te.  These  amtngenteii'te  were  mcide  in  the  evening,  soon  after  the  flies  had  made 
their  appeaianoe;  tbe  next  morning  we  found  eighteen  to  thirty-five  moths  to  each 
pUte.  The  experiment  was  continued  for  five  or  six  days,  diattibuting  tbe  plates  over 
*;he  entire  field,  each  day 'a  Bacoess  Increasing,  nntil  the  nnmben  were  reduced  to  two 
or  three  moths  to  each  plnle,  when  it  was  abandoned  as  t>eing  no  longer  worthy  of  tbe 
tnmble.  The  crop  that  year  wiis  but  very  little  Injured  by  the  Boll  Worm.  The  fliea 
wereeanght  in  their  eagerness  to  feed  npon  the  mixture  by  alighting  Intolt  and  being 
nnable  to  escape.  They  were  probably  attracted  by  the  odor  of  the  preparation,  the 
vinegAC  probably  being  an  important  agent  in  the  matter.  Aa  the  flies  feed  only  at 
night,  the  plates  shonld  be  visited  late  every  evening,  the  Insects  taken  out,  and  the 
vessels  replenished  as  oironmetancea  may  require.  1  have  tried  the  experiment  with 
reanlta  eqnally  satisfactory,  and  shall  continoe  it  until  a  better  one  Is  adopted. 

The  devices  which  have  been  invented  for  entrapping  night-flying 
moths,  ne  well  as  the  componnd  for  attracting  them,  hare  already  been 
diacoBsed  in  Chapters  X  and  XIII,  and  additional  lemarke  upon  these 
remedies  vill  be  annecessary. 

IlAKD-piCKiNa. — Indiscriminate  band-pioking  of  tbe  later  broods  of 
the  Boll  Worm  apon  cotton  is,  of  coarse,  out  of  the  question,  bat  the  plan 
of  hilling  the  worms  of  tbe  first  two  or  even  three  broods  io  com  is  emi- 
pently  practicable,  and  will  nndoubt«dly  save  the  cotton  from  mach  of 
the  damage  done  by  the  later  broods  of  the  worm.  On  accoant  of  tbe 
namerons  food-plant«,  extermination  would,  of  coarse,  be  impossible, 
bnt  the  early  corn  crop  contains  by  far  the  greater  part  of  the  earlier 
broods,  and  time  and  labor  will  be  far  fivm  lost  when  we  consider  how 
great  is  tbe  importance  of  a  single  individual  of  the  first  or  second 
brood  in  view  of  its  possible  offspring.  In  localities  where  com  is  not 
grown  at  all  over  a  large  space,  as  in  ports  of  Texas,  it  will,  we  think, 
pay  planters  to  grow  bidoII  patches  here  and  there  as  traps  for  the  early 
worms.  Several  of  tbe  older  writers  on  tbe  Boll  Worm  have  suggested 
this  plan,  among  them  Colonel  Sorsby,  Mr.  Sanderson,  and  Peyton 
King;  but,  practical  as  it  sounds,  it  seems  never  to  have  been  used  to 
.  any  extent. 

We  have  already  shown,  nader  the  head  of  food-plants,  how  the  pres- 
ence of  the  first  brood  of  the  worms  in  the  young  com  may  be  detected 
by  the  riddled  appearance  of  the  leaves.  Similarly  the  individoals  of 
the  second  and  third  broods  may  be  discovered  by  the  excrement  at  the 
ends  of  tbe  ears,  by  tbe  absence  of  silk,  or  bya  waving  or  rippling  of 
the  busk  in  places.  Now,  if  the  plow-bands  in  cultivating  the  crop  be 
instructed  to  watch  for  these  signs,  and,  at  tlieir  appearance,  to  stop 
and  destroy  the  worms,  or,  better  still,  if  boys  be  occasionally  sent 
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hroQgh  the  fields  to  eystematicaUy  kill  all  the  wormi,  the  efEect  apon 
be  cotton  crop  will  certtunly  be  notioeable. 

PoisoNlNa. — Since  the  iotrodnction  of  araenioal  poisons  for  the  Oot- 
on  Worm  the  wish  that  the  Boll  Worm  oould  be  reaebed  by  them  hM 
QftDy  times  been  expressed ;  bnt,  working  in  the  interior  of  llie  boll  as  it 
loes,  it  seemed  impregnable  to  a  shower  of  poisoned  spray  or  dost  A 
Dore  careftal  stndy  of  the  life  habits  of  these  worms,  however,  has  shown, 
18  we  have  already  stated,  that  the  yonng  worms  feed  for  a  longer  or 
(horter  apace  of  time  upon  tlte  leaf  or  involocre  npon  which  tbey  were 
M>rD  before  aeeldng  to  penetrate  a  boU.  It  is  also  tme  that  the  larger, 
)ven  the  nearly  fnll-grown  worms,  in  migrating  from  boll  to  boll,  feed 
oecaaionally  npon  the  leaves,  and  it  has  been  shown  that  the  Boll  Worm 
is  as  snsceptible  to  the  influence  of  these  poisons  as  is  the  Cotton  Worm. 
These  £acta  can  be  eaail;  demonstrated  by  examining  the  worms  killed  in 
a  careftiUy  poisoned  field.  Many  Boll  Worms,  large  and  small,  will  be 
found  among  tbem.  Moreover,  a  boll  which  has  a  slight  coating  of 
some  arsenical  mixtnre  is  perfbotly  protected  bom  the  worm,  if  we  can 
bdieve  the  statement  in  the  fbllowing  extract  ttom  Professor  Btelle's 
report: 

At  the  time  of  thaiawcn  whac  tlia  BoU  Woiiu  wm  mo*t  aetiTel j  kt  wodc,  I  made 
%n  exp«riiii«nt  looking  to*  deoiilon  ■■  to  whether  or  not  ipTioUlDg  the  piMita  with 
London  purple  hfti  any  t»d  tHeet  Dpaa  th«t  inaeet  after  it  had  oeaaed  to  feed  npon 
the  leavee.  Seleoting  aereial  heaTil7  fruited  plwnte,  I  ipread  irj  London  pniple 
cuefnllT  over  the  bcdla,  applying  It  thinly  with  a  oamd'a  hair  hrnah.  It  protected 
eveiyboll.  Wliilealargeper  oeattun  ofthoboUaonall  {henaighborlugpUntawere 
afterwarda  bored  Into,  not  one  to  whioli  I  had  applied  the  London  purple  waa  dam- 
a^  in  the  leaat. 

The  poisoning  tor  the  Ootton  Worm,  then,  nndonbtedly  accomplishes 
two  ends,  in  also  destroying  many  Boll  Wcnms.  In  regions  where  Hie 
latter  is  especially  injttrions  it  may  be  thonght  worth  while  to  poison 
for  it  alone.  In  sneh  cases  Oie  com  shoold  be  oarefblly  watched  and 
the  poisoning  shoold  be  done  in  one  or  two  weeks  after  the  fdll-grown 
worms  are  seen  in  bulk  In  the  hardening  ears — say,  about  August  1  in 
Central  Mississippi  and  Alabama.  In  these  localities  the  poisoning  for 
the  third  brood  of  the  Cotton  Worm  can  be  done  at  the  same  time. 

FntBTHSTTH. — Bnt,  after  all,  no  one  of  the  remedies  so  far  given  ia 
sbsolately  satis&ctory  in  itself.  The  more  promising  ones — fall  plow* 
ing,  trap-lanterns,  and  poisoning — shoold  all  be  need.  The  great  desid' 
entnm  is  something  which  shall  reach  and  destroy  the  worms  in  the 
bolls.  This  pyrethrnm  seems  to  prtHnise,  if  we  can  jndge  from  the  ex- 
periment which  we  had  made  by  Professor  Jones  and  Judge  Johnson, 
aod  which  the  latter  has  detailed  as  follows: 

bu«ct  applications  of  palaona  to  them  mnat  be  difflonlt.    All  the  feeders  on  the 
^^nia]  parti  of  plants  anoonmb  to  Paiia  green  or  London  pniple.    There  are  none  that 
ma;  not  be  reaehed  by  Pjiethrnm  in  some  form. 

And  thla  laat  pToposition,  from  ezperimenta  made  tbia  fUl  in  oompauy  with  Pro- 
^**oi  Swm,  or  with  some  of  hia  extracts,  I  have  roHoa  to  beUara  wlU  Ixdd  good. 
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Wb  oolleotod  all  the  bolls  ve  oonld  find  oonbdning  Beliothids.  At  th»t  time,  Sep- 
tember S3,  the;  were  scftroe.  Theee,  with  nnmben  (rf  Aletia,  we  showered  with  • 
wood-spirit  extract  of  Pyrathrnm  diluted  with  water  at  the  rate  of  thirty  to  one.  The 
AletlB  fell  off  the  leaves  aod  died  In  Iwb  than  ten  iiiiiiiit«a.  In  about  that  time  the 
Beliothids  baehedont  of  their  holes  and  crawladaboat  nneastly.  Id  Are minntes  they, 
too,  fell  to  the  grooDd. 

Donbtleas  it  is  hy  creating  in  this  way  on  atmosphere  deadly  to  them  they  were 
forced  to  leave  their  retreats  and  got  upon  the  wet  aodfatalleaves.  Whenfieldsoan 
be  sprinkled  instead  of  only  a  few  feet,  probably  a  still  weaker  infusion  will  proTS 
effeotnal.  With  this  extract,  then,  it  becomes  only  a  question  of  cost  to  deal  with  the 
Boll  Worm. 

.  For  a  Aill  dJscnssioD  of  Pyietiiram,  its  cnltiTation  and  ite  componnds, 
see  Gbapter  X. 
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EXPLANATION  TO  PLATES. 


>tat.  1.1,  List*. 

Tla.1.  Httwtj-kMotttd  Uctk,  at  Snt  ittCBi  a, 
larrklii  uoond  ■!■(■  i  ^,t,ltl■rT*  1b 
third  itagsi  a.  tUid  atag^  adopciidsd 


aim  1  Bf  ohrjMliB  pAiUallj  oonuad 
aod  ready  to  sItb  fSrlli  Ihe  moth  i  b, 
oooooB  flntin] J  nunMudlnE  ohryaBlLh 

no. «.  rsm«la  moth  with  wliigi  eipuided :  n, 
Mtnr,  with  wlnft*  nloaid,  buk  Tlsw ; 
6,  nula  noth  with  wlogi  c3(M«d,  aids 
Tlmr.  ■ 

7tM.(^S,l>.C  ICaobmiDupatoluaorlaaf.ihow- 
Inghair  pAienohynift  1<  aktsn  1i;  soniig 
w«m«.    [Fmm  Bull  S,  D.  a.  B.  C.) 


PLATE  n. 
(Tl(i.  7  and  Ta  aflar  HUntati  tl»  nat  otlgloal.) 


Tia.  1.  AttamU  tnta,  larta,  fnll-gmwB,  at  nat— 
natanl  tiaa:  ^  head,  fKim  atxiTBi  ft, 

ana  mlddla  Joint  of  body  &«b  aboTt ; 


B.  moth  wttb  nlBgi  okned!  «,  irlnc* 
a,  tan-fiowB  larra    aataral 


e,  niiddla  jotnt  abofe ;  d. 


FiQ.  9.  Eama,  pnpa. 

no.  a.  Bams,  adult,  dark  ntUtj:  a,  vhUa  rod' 

(oncTarietj, 
no.  7.  AUtia  argOaatt,  adolt,  wln(B  npaudadi 


Tie.3.  Toontlana. 

no.  1.  Bqnare  gnawed  Into  bj  j-imiig  larva. 

Wm.i.  Pal*  yalknrWi  lami,  with  boll  gnawed  and 

aaUointo. 
Ti&  fi.  Tnll-gmwn  larra,  normal  oolora. 


TIO.d.  Obrynll*  In  eartiuo  oalL 
no.  7.  Hoth  with  ochrsoai  tinla. 
Fio,  e.  Uoth  with  alWaoeoDa  tint. 
Fio. ».  Uoth  at  Teat,  abowlng  how  wliw  n 
partly  open. 
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REPOfiT  4,   UNITED  STATES  ENTOHOLOQICAL  COHUISBIOK. 
PLATE  IT. 


I.  L  Sgg,  DMiml  lUe,  m  dapoiiMd  m  tlie  ont- 

•Ids  of  the  luTolDoel  or  ndBa. 
I.  t.  HdM  s*tan  through  tha  laTolnool  uid 

ooToDa  by  Che  fonngboll  worm,  before 

(be  flower  bad  hmi  mUurad  lute  the 

perftatflanr. 
I.  S.  Todue  ball  Venn  eKUDgMemBU,  fto.,  end 

CMUlsg  Ita  daitmMlaiL 
i.  4.  PnsB  dropped  bj  young  womu. 
I.  E.  Hole  Mien  thnragh  the  bottom  of  flower 

Into  the  ambryo  eeed  vawid  or  bolL 
1.  A.  Young  worm  flAtiag  interior  of  yonng 

boU. 


Tib.  1.  PleUli  ud 


dntroyed  byetteek 
if  yoang  woima,  ud  fkvqaeotl;  the 
oeoH  of  Don-lmpregnailoa. 
img  flowerbod    le  attttoked  by  the 
young  worm,  with  the  lalerlor  eMen 


irey«,ln 


a,  S.  Beve,  eaUIeni  the  involaml 
plaBlen'  phnee.  ' '  flerlng  d_ 

a.  10.  PnU-grown  Into  foll- 

gtown  boll— heuoe  en  other  oommoD 


•leete 

in  by  the  oatarplllu'  the  third 

dty  fiom  the  batohlng  of  the  egg. 

Fia.U.  Hdaeetei 

thtoui^  the  InToluoel  the  Bftb 

dny. 

no.  U.  Toang  w 

inn  eetlsg  the  odyi  the  elith 

day,  ehellend  by  the  Inrolnoel  er 

F10.1G.  Blieofw 

iimefterflrMmolt. 

Flo.  IB.  Yoong  wi 

inn  eating  the  Howerbnd.  the 

ninth  day. 
T.  Siie  of  worm  after  the  Beoond  molt. 
B.  Yonng  wonn  eating  lato  the  yonng  boll, 

the  fimrteenth  day. 
9.  81ie  of  wonn  when  molting  the  Ihlid 

time,  ehowhig  the  worm  Is  the  aot  of 

■bedding  (hs  akin. 
0.  Full'gtowD  boll  wonn,  with  hole  ealan  In 

aeedi  of  boll  after  aheddlog  ikln  the 
\  day),  with 


lebfdl. 


Pio-M.  I 
fto.M.  1 


tia.1.  GUMenlng  aMMlana  i 


turn.  1, 1,  B.  Vna-gnwn  larrm,  Tenlnl,  donal,  and 


Fin.  a.  Lam,  ehowlng  T 
ria.T.  Papa. 
Fio.  B.  Moth  with  wings  i 
Fia.S.  Koth  ehawbtg  ni 
when  olmed. 
no.  ID.  Fala  BpeolnMn  of 


VlB.  1.  TjnigHnitin^l  aeotlon  of  L 
gland  I  d.e.,  ilonal  i 


■ael!  eL>.,mBl. 
ntaatlnei  Aieo- 
leg* ;  br,  brain ; 


Fia.  S.  Eooh  of  prolog, 
Tia.  1.  Third  right  leg. 
Tia.  0.  Terminal  hook  or  olaw  of  ■ 
Fio.  7.  Wall  o(  the  iMuaoh,  the 
moved  I  (r,  traobeai  I, 


Flo,  8,  CatlealaiyomadaTk  band  of  lam. 


I.  LoDgitodlnaleeotlaDof  beadoflarra:  X 

month ;  /,  frontal  ganglion ;  ^r,  brain 
1,  aalKeaophageal  ganglion;  01..  flm 
abdotnlnel  ganglion;  Oi., cnaophagai 
Bp.,  Mliiary  tnborole  or  iplnnBret. 


{OrlglnaLl 

Fio,  1.  Longitudinal  eeotlon  of  head  rf  iBagO: 
m',m',i»',mn*Dleai  nKmaiUlai  AaL, 
aallvary  dnct;  P..  palpnaj  Ot,,  «M*. 
phagoa;  3r,bi>iiL 
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PLATE  Tin. 


887 


Fio.  1.  Oeneialuiatomraf  nilelmago:  (r.,toitB| 
gaiigll*iA'ifDodreaervolr;  A.,  tMttai 


L  BziMk*Mon,nBtnlTlewi  jhipftlpnii  me., 
""•'"'"  i  J,  tjt  1 1.',  aontiim  (1)  of  pio- 
thorui  L>,  Joint  of  flntlegi  «(.,  itei- 


«t.,  b«M  of  liw  Itnz  left 
D  tDbMi  n^  Iks  BladiM  nliiM 


copnlmtoiyTBetlbiilo!  &  fi J,  theiingle 
And  &  pE-',  thfl  donbla  fcnwinnnTy  ^and^ 
onl^  ■  portJoq  of  tha  tnbsfl  bdng 
itaoini ;  8,  tii«  Blghth  abdomliiBl  aeg 
mBnt,  thh  upper  part  btiog  Indicated 
bj  dotted  linea.  eo  u  te  Bhmr  tha  otI- 
dnat  tieiwBtli ;  11..  terminal  eejtmeut 
wilii  111  latonl  lobe, 

FlQ.  fi.  Cvtielfl  flom  oopnlatory  ponob. 

FlQ.  A.  Small  portion  of  auna,  more  THay^niflwi 
(t-lnoh  obiective.) 

Fio.  T.  I'lauiTene  eeoUoa  throagb  one  of  tlie 

'  Ibldi  of  tile  oopnlatory  poooh  (^Inoh 

ot||oeClT«):  m,  mnaoiiUr  layerg  9, 


ofthamaleirltlilla^iptadacM.    Lat- 

Tlo.  t.  Lateral  vlaw  of  aane;  /,  morable  Aagei 
over  the  aona )  other  lettraa  aa  befbre. 
The  poaltion  of  tha  bmah  li  ahomi  by 


FM.L  "ntwottftneUtthii 
Vm.1.  ain^iplBaatMmetpliaale. 
Ra.l.  XioakalotoDof  tUrdthoiaclo 

llqi ;  B,  trvpaDDm ;  Epm. 


Vie.  1.  Cntlonla  of  flnt  abdominal  1 

Fro.  6.  Pont  to  irblob  ualeo 

ne.  a.  Tip  of  maxlUa. 

Fio.  T.  Hain  of  maijlla. 

Fie.  B.  Single  spine  bom  marilla, 


.Gooi^le 


A,    UNITED    STATES    ENTOMOLOGICAL    COMMISSION. 
PLATE  XIL 


(Tram  Aimual  SepL  U.  8.  Dcpt.  Agi.,  UU-'Sa.) 
If  THiation  In  ImF  Hid  In  oolor  of  llomr,  ■■  gmrn  by  0.  V.  BUcf. 
PLATE  XIIL 


(Fnn  Anaiul  BepL  XJ.  S.  Dept  Aft.,  USl-'Sl.) 

Bbowliig  Tuljitlcai  tat  l«af,  aa  gnnm  bj  O,  T.  BIlay, 

PLATE  XIV. 


FIB.S.  Battt-lboeeddT-DOuIiiwlthpDnctnredalde, 

;  ev,  e,  tA  Uoxot  Inlal,  ml 
Fia.  1.  Haaa,  ibawtng  (uoal  poaltiOD  on  wkMriag 


d  T^na  with  talat,  a>i 


Fia.B.  RKFox'tdlTidedslalDttvakawlUiipFftf 


T'DOula  wltb  Inlot,  aa;  ipny*, 

PLATE  XV, 


7m.  1.  L.  B.  Fou'i  dlTMod 
tiM  wieir  JnnoM 
Fio.  I.  W.  T.  Toaa'i  TevenlUo-bo«d  idm  with 


0.  4.  J.  W.  J 


■.((falH 


•  wttli  UM,  ft, 


Flo.  B.  ColUdlng-Jet  lu 

nuwhtaai  luTtaif  baml,  3f;  ootMa. 

n,  ■■,  asd  pndMtlon,  h*. 
Fio.  0.  3.  P,  Bnlmutoo's  raao-iim  nonla,  haTing 

ohambai,  I.  and  cap,  m. 
no-T.  Bi 


PLATE  IVI. 


Fla.  1.  Oot-ilm  sddj-DOHia  nVb  oap,  t 


■boat-metal  ityU. 
na.a.  Bama,irtthinaldsIld,«;dlraotdlw!]iart^> 
Fw.  1.  SaniB,  wltb  i  " 


oatlng  Intonul  ntaOmi. 
Fid.  4.  Small-obambond,    ■lot-rim   eddy-Doula, 
■ldeTiewaod*eat]aDitnbe,>itui2(Bt- 
Inlet,  Wi  boTtlad  front  (lot,  t;  atop- 

Fn.  B.  Sana,  with  dde  ilot  tta  nathoi  ipi>rlD(, 


Flo.  T.  Sama,  adjnatabls  In  tnba,  a,  haTtug  da- 
flaotor  martitai  at  ilot,  » \  In  aeetlaa. 

Flo.  S.  John  Seblar's  ainsla,  aldoahit  sap-nouU, 
a;  eloaad  at  e-.  ■orew-JnnotDT*,  Bj 
■lot,*. 

Fio.  B.  Jobn  SoUor'a  ttlplB,  aldaalot  oap-aonloj 


Fio.  10.  John  Bohlsr'a  adjnatahlo  alot  oap-nonla  i 
mist  patt,  a  I  larar,  t  i  alot,  ( ;  adjaat- 
ablspait,*. 


EZFLANATIOH  TO  PLATES. 

PLATE  XVn. 

■LOT-aoBui  nm  trmAToa  (oanttnncdt. 

(n^  l-I  ortgtaul,  B-4  Bdaptad  bum  patiiilt  ibmwtDes.) 


no.  1.  Donble-dotttuf,  <laa1>1e4(deotInK,  aide- 
■lot  tabe-naula;  doubt?  ilotted,  (d- 
Jnitablc  defleotar  mp,  w  i  ImMT  and 
ontar  slola,  M;  tabs.  a. 

Tio.  3.  A  donblfr^oflHttlDK,  ildHlot  tdbMuule 
In  Motlaii;  tnba,  bi  op,  aT;  adjmt- 
■ble  (Iota,  (. 

Tl».t.  TbaB.B.H<iirbttJmwadilot-iM>uJ«!  tnb«, 
lellp,  fri  jftv,  y. 


ftalomiB,  A )  leTer,  li  ipring,  il 
Fis.  t.  Tba  L.  B.  Smith  Jawed   ■lot-noule,  for 
Hlitt  Jet  and  ipraji;  ilot,  i;  adjiut- 
■blejBwi,  yo,  with  Brma,  ob,  hinged, 
at  00,  t4i  ta1»,  »,  b&Tliig  eluup  but,  ^. 
Tio.  0.  The  B»;mDDd  and  Fatldsa  alotjuule,  fbi 
aoUd  Jet  and  ipTay ;  tatw,  ab ;  ahnt- 
o^d;  Blot,  t;  immi,/t. 
¥ia.  0.  Sune  Id  lectlan ;  tettend  the  aame. 


Tis.  I.  Adjnitable.  fluged,  >l<rt>rlm  Doule  wttfa 
•cnwoap,  Bj  tnb«,  a;  flaoge,t;  rim. 

ns.1.  DMded,  flanged,  ilot-rtm  eddy  Donlavtlb 
pndMtlle  okaiMr  iii*ld*i  tangist  ID' 
M,  a  I  lew«r  halt  v  -,  Dpper  half,  o ; 
aktbetwe 


PLATE  XVm. 

(OriglBal.) 

na.  1.  Same  with  dlverElDg  dot:   IcMend  «M 


flange,  p ;  in  aeotlan. 


i    pnitMitlle,   I 


FlQ.4.  TbBj.F.BnhmBiaiBdJiutiUellppediM' 
DMilei  plpa,  ar«lot.(i  tlp,ptOuunh- 
Mmv,  I  i  wm,  bk. 


PLATE  XIS. 


Tm.1.  OoiiMrl<ited,doDb1e-spn7deBeetaT-nMilBi 
pipe,  a;  diwharge,  k;  dlTcrgmt  ds- 
flMtora,  jip ;  MptmB  and  brue, /. 

ns.l.  Asgle-pUtB,d(iDbl»«pTBydeflei}tDT-ncBi]a; 
plp«,  «:  diaohBise.  ■;  defleotora,  pp ; 
nmavei  baManiles,  vv;  ieptom  and 
bi»«^/, 

no.  1.  ClrmlBT.  dinible«pnr  defleotor-noiila ; 
pipe.  Si  dlsotiarge,  ZideBaelwwingB, 
pp ;  fbrtqwrtnre,  /;  bnoa^  4^, 

no.  4.  The  J.  P.  KnhBunu  ain^^Bpiar,  remov- 


plpe  and  diachargB  banal,  a« ;  aqiaE- 
able  ring,  we  i  daflscloi,  y. 
I'lo.  fi.  Same,  not  reoMTBld* ;  a  nodlflad  torn 
■howlDR  madlaa  ooBTeii^  of  tba  de- 
fleotar, p,  which  JoiBi,  M  m,  tbe  uoae- 

Tis.  9.  The  P.  C.  Lewie  retraotUa  defleoter  and 
wild  Jet  noiila )  banel,  aj  dlacbarga, 
>i  banda.  m ;  retnoted  deflector,  f'. 


1.  CanTex-froDt,eanatrlt)teddaBeetoriiai>1e; 
tnlw,  a;  deflector,  p;  conatrletcd 
■Idea,  M;  medlBa  npwatd  and  tn- 


sasiGoOi^le 


390     BBPOST  4,    UHITED   BTATE8  ENTOUOLOGICAL  C0UUI8SI0N. 
PLATE  XXL 


Ho.  L  Tke  B.  Sotlisg*  idliuUble  dsSootorsca- 
ilei  batrel.  B;  daSMkii,  A;  binge,*; 
knn,  B;  Mt-BOrew  and  link,  OS. 

na.  3.  The  A.  Mlokeraoa  deflectoi-nntls,  in  seo- 
Uon:  bucel,  A;  deflector,  S;  nised 
■Ide,  a;  hinge,  t;  eet-aorew,  D. 

na.B.  The  J.  T.  Hkjden  dBflector-nmile.  Ioho- 


L  A»,  I 


na.  4.  Tlie  J.  W.  miam  daflaotoi-iioMlei  pipe, 
A;  MKket,  Si  daOector.  S;  nUad 
>ld«e,J>. 

Fia.  E.  The  J.A.fianeHdeflectar-iuinlei  baint, 
■  ]  damp,  ddi  daflaotoi,  atei  epnj,  >. 


PLATE  XXIL 


no.  2.  J.P.Bnhmum'e  "iiiiprDTeil"eoii»4eflect- 
ot-bouImi  dlHhaige-plpe,  S;  dalleet- 
Idi  oooe,  i  i  bnoe,  «. 


ne.  A  Jobn  BoUn'»tilpl»4lMih>iga,  dlrtd-iilata 


no.  i.  B4BM,  with  part*  wpuatodi  Mtend  (ha 

PLATE  XXin. 
FLitnox  MOWLH  (ooaUnud). 


(Fl)n-l-loilsliul;  S-4  adapted  from  patent  dnwfniia.} 
no.  I.  John  Sohier'iinaiiT-JetproiliDaldeBBCtciT, 
with  drip  retnniBr!  >uppl;-plpe, 


tloM,  oQoe  I  daftMtor,  p. 

Fia.  I.  XJ.Palaniky'idltto;  tab^/i  ohaaibar, 
Ai  cap,  «i  dlMharfe  holee,  «Matda- 
fleatorTim,  t;  drip  pan,  ti  braoe,!. 

no.  i.  Saoie,  top  Tlew|  Mtarad  the  nn*. 


PLATE  XXIT. 


I.  Shb*,  the  ehamber,  s,  haTlii(  a  iplrofal 
nnU  to  the  Inlet,  ■,  Mtowl  the  MDiB. 

PLATE  XXV, 


(Oricfaul.) 
no.  L  Bddy-ebambef  aoule  or  cyetone  Jet  of 

ooDTenleat  iIm  and  foim  for  nethgr. 

■prajing,  bee  rlaw;  tnbe,  a-,   intat 

■ide,ai  latldelld,ri;  dlMharge,  (. 
no.  %  Seme,  with  lid,  tt,  beuMlli  and  oppoidto 

dlaohargo.*. 
no.  3.  Same,  with    beielad  medlBDi    dnd  dl*. 

Dharge,  (,  In  the  lid,  «,  eiteilor  hoe 

Tlew  and  leMlani  tube,  •:  tangeat- 

Inlet, a i  Ullng,  tj  AaolNr, «. 
na.  1,  SaBa,wlthlnddaMbaBaathaDdofpadta 


lettand  the  aama. 
no.  I.  Xddj-ehambernaeV'pleee,  4  Mparablit  at^ 

fMu  barrel  noule,B. 
no.  S.  Same,  with  Indde  benl,  aide  tIsw  ^A 


leUd,*. 


_.wwvlc 


EXPLANATION   TO   PLATES. 
PLATE  XXn. 


S91 


(l1SB.l-t«l|lwI;  ladq 

Tia.  1.  BanwTBbhi - fluwd  eHj-obrnmbtr  nnula 
with  (hnt-off  handle  ud  Impliiittr.  in 
■Botlaii;  tabe,  a;  Ungent-lala^  Si 
ahunber,  <;  nmoTatile  boa,  /i  bugle 
dlaohaiKe,  i ;  amiulir  fluipd  ilm,  «*  i 
JibmI  InaldeUd,  M;  (ti>]>p«r  Boceir,  w  i 
handle  mi.  Implaoter,  >. 

Rd.  i.  Dtroct  eddy-ohunber  flpimyer,  nvefvlUe 
(trie,  vlth  (hntoff.  In  •mUdhi   «n- 


f  \  taogvit-lDlet,  s,  to  cddy-ohunber, 


)   InreTMly  nsedi  entnitae,  ij 

eddj-chBmboT^  A ; 

dltobuge.  a. 

Ha.  S.  ComtilaMiatieddy-a)kaub(Hidt»ntiliio>' 

lie,  IDrdlreotaDd  tide  qmj  and  wiUd 

Jet,  partly  Id  Motion  i  eBtnnoe,ai  bar 


enhanjtvaUa  wltii  dlaehai^  lid,  /- 
i.  'WUstlB-Jet.  eddy-chamber  no««-pleo«.  In 

seoticHii  Knev-jiiDctiin,  a-,  t>B|ait> 
Inlet,  Z!    reTerbentory  ohuiber,  S; 


ViO.B.  TheW-H-CUrkepiayandiolidJetbunl 
nonle,  in  MNSIlaQ ;  cntnoee.  a ;  oanal, 
an,  peribratSng  rotary  eaae.  m;  dla- 
oturge,  tj  Doae-pleoe,  « ;  paeklns  B ; 
baee-pieoe  and  septnm,  n. 

Flo.  e.  TbaJ.  V.&iayapnyandKiUdJetuDada, 
partly  In  leotiau)  eotiaaea.ai  haneL 
it;  ping-bole, « I  aplial  graorea,  tt. 


PLATE  XXVn. 


Fia,  1.  Botary  bnuh  porder  tbRnrer.  dlapam- 


hingedbaae,  ■{  ntuy  bnuh,  d  i  imid- 
Bjllndsr  ease,  ada;  powder  ipraj,  t. 

Flo.  i.  Smaa,  bnith  In  KaOoiL 

ria.t.  The 'WUewell  rotary  bnuh  Uqnldlhnnreri 
vheelbanow.  onmci  pnUey  airange- 


.t.JJ«; 


•MptaolB,  *;  sook.  f  I  plpe.li, 
tnmgh.  F,  belt,  ft,  to  bnth  pnllej. 
FlO.  t.  HorM  rotary  powder  blower,  with  dlTer- 
gent  plpei  and   nethar  tork-aprayii 
a4]  Datable  A-frune,  ^  i  bm  la^a,  ■«  1 
■wife)  wheala,  mmi  ahafta,  1;  drtre- 


whael.  H  i  drive-gear,  u  i  band  poll^. 
i ;  powder-box,  p ;  diioharKe  oooaa, 
Ml:  adjnitable  ptpea,!;  ferk-apiq 
noulae,];**. 

Flo.  S.  Snapended  rotary  powder  blower,  epnatej 
by  hand,  fkn-abamber,  tf;  powder,  |i| 
blaat-plpe.  (i  ipraye,  i. 

FlO.V.  Rotary  tlqnld  apray  thnwerand  blowor, 
parte  In  dlagrammatlB  tooUoni  fta- 
oluunbor,  d:  one  of  the  lltna,  /■  it* 
hook-toothed  end.  i;  Uqnld-lnlet,  ■) 
Uqnld  blaat  ipray  dlaohar  ga,  *  i  hol- 
low Hp,  k\  ntnm  drip  paaMfe,  >■■ 


PLATE  XXTin. 


(Figt.  1-S  DilgbMl  i  Ftg*.  B-T  adapted  ftm  patent  drawtogi.) 
Fn-1-  aida  feeder  to  the  aanM, 


Flo.  1.  Botary  hand  blowet,  eaa  and  pipe  bi  lee- 
tlon ;  hindlB,  i,  on  oiank  gear,  E;  dttnn 
gear,  n  -.  fBna,  oa ;  brace,  r  i  fhn  caae,  d ; 
blaat-pipa.  Mi  powder boi.y;  aonw- 
vep,  c;  hanging  ba»,  bf  adjaotable 
thnmb-aorew  hangeta.  U ;  feed  ilote, «. 

Fio.1.  Croee-aecttonofthapowder feeder;  eoiew- 
mp,!;  powder boi.p;  hanging  baae, 
b;  ftedilola,* 

Fla.1.  8Bine,wUbfteilerontbe  fltaoaee,(Uj  dla- 


na.  S.  Biaa  feeder  to  tba  a 

Tia.t.  The  D-  B.  Darnell  ntaiy  Uqnld  blowari 
frame,  B;  reoeptaele,  A ;  daaher,  Oi 
gearing,  DSFBJi  ihan,  K;  Uower 
■od  adjnatere,  UOTWY. 

Fis-  7.  8aae,  dde  elevatlra:  lettwd  tiia  aame. 


^dovGoot^lc 


BEPOBT  4,   UNITED  8TATEB  BMTOHOLOOICAL  COHHISSIOH. 
PLATE  JJJX. 


Iflo.1.  Ths  C.  I.  Hud  rotary  pcrwdor  1>1o«bi, 
"MCtkoulaleTMlaii;"  frames  i>7w£i 
wheal,  0|  aile^wj  bud-vbMU.  A i 
blovM.  B ;  pavder  box.  A  i  ■4)n«tem 


Fla.1  nie  M.  P«s)  raUiy  T^or  blowni  i 
■Imadoi  and  uMiaa ;  wbeals.  (I 
aMi  lim,  Mtf;  Amn  and  bn,  d*j  ti 
pll«,  Jiora     -  -    - 


M  B.  D.  AUui  baUima 


catohet  larer,  y  I  baUowa.  Dt 

■  I  anii,/j  Uaat  pips,  d|  powdar  i 

oeptaale,  .4. 1  dlael»rgaplpe,ai*pi«a 

Fiat.  Same,  povdo  feadn^b  longltiidiiial  at 
tloni  baUow^  I>i  blaa^ntr  atada,  i 


PUiTE  XZXL 


no.  L  DInot  band-beUom  povdeier  for  bniadcMt 
•od  opwaid  nao ;  ballowa,  « ;  bdlow 
bancDea.  U,  blart  pipe,  ht;  twd^d- 
jaater,J  ;poTdBrr«ceptBcla,fi|  aornr- 

Tia.1.  Saua,  Itad  urugcmaDt  In  aectiaii  i  blaat- 
plpo,  «■;  damper  and  eloU,  «j  aet- 
araok,  j ;  reeaptacle.  p ;  cap,  y. 

Fra.  t.  Iclpla  otDok,  bellowi  nethei  powdtreri 
nsther-plpe.  rdult  i  for  dlKihaiftDg 
DpwanL  besaath  cDtlan  pIuUi  ottiaT 
lettantlieHinfl;  boUowa  omitted. 

Fla.  4.  Btryght-pipe  ballowa  natber-pawdenr; 
ballowa.  ■!  faasdl M,  U  i  bead.  J ;  ano- 
tlon  gaaae  andTalTs^ff  blaat  pipe, 
onpliuK,  Iit;    feed  adjnaterji 


Act.  tar  un.) 

Fio.  E.  Baapenalon  belbwa  povdanti  piDg,  yi 
■napeDdad  raoeptacda.  p ;  bellaw*,  fi 
handle,  h ;  valra  gania.  ■  i  blaat  plpi^ 
k*n. 

Flo,  S.  Btialght-pipe,  ballowa  nethoi-atoniliaE  i 
beUoira,  >;  hoDoW'handlea,  U|  lalra 
gaaia.  i|  blaat-plpe,  iU|F  i  UqnldblaBl 
pipe,  tfUi  Goapllng Jolnta,  r;  apiaj.t) 
liquid  Tvoeptanla.  p ;  atopper,  I :  ^ax, 


Same,  noeplaolo 
fecflpbola,  p 
tabe,I( 


qfeotlvi-taba,  tf,  blaBt-lBba,y. 


PLATE  XZXn. 


Fis.  I.  Tbe  J.  V.  Enidle7  bethun  powderer. 
FiQ.  i.  Noaepleea  and  BiDgle^cooe  reeeptaole,  of 
oammon  mndinxaad  powdeiliiK  bel- 


Fio.  3.  Common  donble-coae  aiDdJng  aiad  powdar 
ing  bellows  of  manufkctaTeia. 

Fin.  1.  Common  atomluir  bellow*  of  the  tnda. 

FtD.  $.  KctheT-«o.  beUowt  atomliei  i  bellow*,  •  i 
blaetplpe.^i  can.rp;  filling  tabe,  I, 
or  ( 1  ^eetlon-taba,  ay  j  bUat  ipiar,  t. 


Fro.  &  Comding-hlaat  bnlb-alMBiaar,  fa  aeotko) 
bulb,  ■!  Talta,  t;  blaat-w^,  U,  llq- 
of  d  blaat.  irti  i  noaptaole,  p ;  etaotlan- 

Tia.  T.  Koae-pleoe  with  aide  «lo(  dlaahaigB,  t. 
Flo.  S.  Sacacnmt  blaat  powder  raoaptaola.  wttb 

tangoDt  Islet  and  oattei. 
no.  B.  B«oDneatblaat  noaile,  aa  a  noaa-pleoe  to 

atralght  dlaobarga  pipaa. 


EZFLAHATIOH   TO  PL&TEB. 
PLATE  TTTITT. 
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Vm.  1.  Wbetl  ntohM  btDowi,  tta.;  btUom,!; 


PLATE  XXXIV. 


Bdlowi,*)  *H|«itMttod,a;  na9t•ot^f;  flaxUe  er  Mlit  mcdmo^  1 1 
PIATE  XXXY. 


<Flg.  3  RdapMd ;  eUiu  fl( 


,  1.  Sonbl*  totlntc  paenmMlo  pninp  ■pnjsr, 
pkrU  Id  Motion  g  pnnp  hkndlM,  A,  V, 
k'.  V  i  Inlet  ivItm,  m  i  doable  utliig 
Tklrfr-hudpUloniaiCTUiidsr,  ni  dls- 
ohu'sB.W;  baml.ri  l]gatd,p;  anUst 


■  I  ojliadci,  « i  ipont,  i. 


Fla.  S.  Canip>e(|M-8*iMniK>tapr^<ri  Mid  bat- 
Ua,  ai  OQtw  vaMel  and  UcaiboBata. 
ti  aa{h  <i  flazlla  p^a.  <■;  gM,  n 
llqaid,p)  pip*,  mm-,  >iouIm,«. 

Fla  1.  Blp>Ttlta  gM-gdD*nloi  apr^ei  t  Mid  hot- 
Ila,ai  lleille  plpe,ki  liilet.J;  Uou- 
b<mKts  TMid,  b ;  (M  bow,  M ;  Ao. 

Flo.  S.  Ttiot-bcllem  pnMnn  ^pnjwi  btUeira, 


PLATE  XXXVI. 


PLATE  XXXVm. 

KBTHOD  Ot  rOIBOinVO  WtTQ  HTDftOHimo, 

(Tma  the  Beport  on  Cottoii  InMcta,  Dtpt.  A«r..  U7B.) 


..Goot^lc 


S94      KEPOBT  4,  tmiTED  STATES  ENTOMOLOGICAL  COUnSSBB. 
'  PLATE  TtTTTir 


(Bsprintad  finm  fiaport  of  BDtomolofli^  D^it.  A^t.,  to  UBt.) 


I^.  1.  Sams,  labatltative,  alde-cpni;,  eddT-«bim- 
bar  douIm,  Awe  view  and  aaaUon  -, 
Beak,  a  I  luigest-liilst,  ■)  flhamber- 


obamber-naula^  /. 
7ia.  4.  Suae,   donblB-ftnsed  eilniiiApp 
trailing-fork;  Mem-pijie.  Ir  Yft. 
rsmoTKble  pnlecLirT,  ^  ;  ipia^ 

IHI;    Km-pipM,  i;     HnilH,  m. 

PlO.  I.  Same,  uune,  eorred  ftmi. 


PLATE  SI* 


(Flgi.  1.  3,  8,  adaptad  bom  pMantdrairttjEg;  4,  S,  B.ortgli)aL) 

h;  oyltaktata,  U;  pUoa  knl 
■li^abaiobat,  a;  mfoat,  •. 
Fio.  9.  Eddj-chamberhand-ptpeaaitlfol 


Fia.  1.  Zhg  aqnaimlt  bnokat-punp r  oyllndar,  t; 
olavad  bnukst,  t;  piaton-tnbe,  p: 
handla,  I  i  hoaa,  A|  noaila.  k. 

no.  1.  The  W.  J.  iIohnMm  baokeVarrlnge  i  ano- 
tlOD  hoH.  lUs;  DfUnder,  k;  plilon 
handle,  m ;  axtn  noiile,  n. 

Fia.  I.  Tba  aqnideot  bBaket-pmnp. 

fto.  1.  3*o  W.  T.  Voae  Hrdropnit ;  tatttim  hoae, 


SV,  ei  pMoa  handle  !■ 


PLATE  XLI. 


'  (Fig.  1  orlgliial !  flga.  3, 1,  adqited.) 


no.l.  Hotae-baak  breadtaat  iptviag  ^parataa ; 

tke  edd;-ctiamb«r  eprayer  axtentlDU 
pipe  and  band  pnmp  (of  Plata  XXXIX 
Fig.  3)  Domblnsd  vltb  the  J.  Wanisr 
rabberpolBon  baga. 


Fio.S.  IheP.C.LewlaoombliiadsBlMiWfM 


PLATE  XLn. 


(Flga.  4.  B.  aiigliial ;  ether  flgan 

tya.  1.  Tbe  Y.  A.  Hahnaok  ali-Jaoket,  retnni  drtp 
barrel-painp ;  leTor,  0 1  Unk-fnlomm, 
■t  plataa,  b;  vyUndar,  a;  auoUon- 
TalTe,*;  qfaatlon-Talra,  d;  air  Jacket 
ohmbra,  t;  dlaabaigei  /St  diipdnM,/. 

FlO.  1.  The  J.  O.  STendan  ditto;  handle,  A;  pla- 
lon,  b;  4je«tloa  Talve,  I,  Jaokat  alr- 
ahamber,  <;  diaoharge,  ■;  drip^vota, 


Inder,  t;  pUton  rad,  »;  *■'«"* 
dd;  daabeia,U^ 
Fia.4.  The  John  BoUcr  ratoin  di^  t^f^ 
laref  Unk-ftilocain,  ■;  P""^^ 
«)1iiider,«t  aoothabaMiti^ 


Pro.  C  ThaO.TagBlaangapiBr-piiinp;  ^ 
ei^lnder,  b;  moUon,  a;  ^M 
di  dtaohaise-plpa,  t. 

Tiaa.  S.  T.  A  SfnyMideairiaitoMW 


ly  Goot^  Ic 


■XPLANATION  TO  PLATES. 
FLATEXUn.' 
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Fio.  t,  NaulctotMnei  AwctI 
PLATE  XLIY- 


■povt,*;  how^b;  Diml«aDdipimyB,a. 
Flo.  S.  Sanw,  ^ont  la  Ito*  Ttew. 
Fio,  <.  Sanut,  ^iada  and  ■tr-ehaotiei,  In  ildi 

Tlew. 
no.  i.  SiBa,  with  Ua  old  >t;te  noale,  an  con- 


(Tlf ,  I  original,  the  mt  Mli^tod  from  patonti.) 

plota  ta  TBHtTDir,  paitlall;  1>  •astlOD  i 


vtonotkai  valla,/;  dotb, 


PLATE  XLV. 


(Ad^^ted  ttan  pMmta.) 


ho  "Latiia  Ko^  1,"  tk 

tow,  1 1  nlo,  * ;  spwaid  otooad  oat- 
toll  «,'  oop.  •)  <!Tllod«r,  «i  Siogo 
baa»/i  caetloB-plpa,  tj  BDolL,ai  dla- 


tot  rod,  ji  syltudar,  ■]  boM flaugo,  y ; 
nottaoplpo,  >i  ipMili  «,  booatdla. 

PLA^E  XLVL 

(Qhfiatl  1  naad  Is  adruioa  b  Bep.  of  Uio  Sntcmologlai  Dqit  Agi.,  U81-1,  PI.  IZ.) 

head  and  ptiton  top,  abi ;  paoUag-oap, 

*{  a7lliidiiT. ;;  ilaiwliiE,  ■;  apont,  t) 
atralnnrloopor'aye.  A;  gtlTTer bar, mng 
rope,  WW  i  buDKap  '^■ 
Fio.  1.  Wagtm  or  aart  nachluB  fin-  apnylng  ftmn 
below  «1tb  fltliTer  pomp  all  In  opaim- 
tioD;  anapendoD  pip«,l;  Y-lbrka,  f; 
noaale^mu,  i,   Aexfle,  at  t;  Doulaa 


Via.  1.  SHmr  pump  wlfli  banal  and  nlrar  fan. 
bbI  In  aectloii  j  fimuel, « ;  Ita  of  Undri- 
od  aldea,  pp ;  funnel  baee,  U ;  apont, 
y,  <in  bmm  bole,  t) ;  gaa»  aaptam, 
4}  barral,  U;  tnmnloxia,  f  {  tnumlon- 
ajaa,  <i  wedgea.  n;  krrer  fnlcnun,/; 
pmnp-IsrsT,  ii;   awing  of  tka  lever- 


PLATE  XLVn. 

MDn  n  wiQon  <all  t 

(Original.) 


D.qit.zeaOvGoOt^lc 


i,  UNITED  STATES  ENTOMOLOGICAL  COM 
PLATE  XLVm. 


(Orisliid.) 
PLATE  XLIX. 


1.  A.fnuiM  and  tubing  HpuatMl  i  M»  ami, 
■ ;  ipIlM,  eI  I  Mtrbar,  1 1  main  T-toba, 
w  I  dde-tatm,  ntn ;  email  Y-tnbfia,  « i 
•tem-plpea,  ( ;  arm-AHka,  y  i  nir-anoa, 

t.  Pendant  fork  with  dlrtalnoutaiiluiaak! 
item-plpa,  C ;  utigbt  o;Und(s,  f ;  aim- 
foik.  yi  rofr-aima,  j(f;  hOMpart,  ri*i 
uotaln,  » ;  thslr  awliig,  aHxn ;  taialito 


Fia.i,  ShMt-metal  pendant  forfc'ptp*,  iDMotlonj 
■tamplp*.  li  boMnniooa,  *;  anna,  <i. 
■pcini  rod,  u. 

Fla.  S.  Caat  wdgbed  fork,  in  wotlon  i  Y-«wtliig, 
1>;  tbln  Inaorted  tab**,  ^i  luaitad 


Fib.  8.  Pendant,  itUT  T-plpa,  wltb  Mrrad  Boada 
am*)  itcm-p^,!)  hoaa  jcdnt,K;  T- 


aiB-pipN,  ». 
1.  BmallT-ptpe  or  dliMt  pipe  fork)  dlreotam 
a  ^p^  »)  Bll- 


IVi.  B.  A^JnitaUe  main  ann  p)p«^  to  aeoUon  i  hpaa 
BBgmenIa,  h;  Inaertod,  dlrootfink 
■esmsita,  *> ;  taloaooplo  Jidnta,  pp  i 
divngent  pipe  arma,  b. 

Fin.  10.  8tUr  ditto  1  ontldde  lecmeDt,  m;  inddo 
Ufmsnt,  ftm ;  lioaa  aheatli,  A ;  di*ai(- 
ant  pipe  aima,  b. 

Fie.**.  Weighty  «tem  pipe,  vlth  iaaetted  nip- 


(Oilxfaal.) 
PLATE  LI. 


(Trora  palont  dravlnEa.} 


Fm.  1.  Haai  view  ;ai1e,Bi  tank,  ^ ,  ebaln  wheel 
pompnkotOT,  *<df  i  vlnaIa,JU>i  ehaln, 
<:  braea,^:  orank,/;  alntob-loTor. k i 
pitman,  ■ ;  pomp  Iotot,  a ;  fnlenuu,  d( 
piitoD  link,  b;  piaton  lod,  »■,  pamp- 
ayllndar,  0|  main  arm  pipee,  F: 
■wiTel-albow,  1 1  main  aim  ezlanalon, 
■■)  pendant plpea.Q;  naa-noiilea,  £i 
plDgiiiUftlngbac, /[  slMnpa,pi  lilt- 
ing larer,  m. 

Vm.S.  Bud  yiawi  whed,  3,  tank,  A;  pmnp- 


eyllnder,  0  j  pliton  rod,  ■  i  loTsr  link, 
t«i  awlTel elbow,  1 1  o1amp,y;  pendant 
plpe,<};  Kne-nMalis  fi;  ping,  1 1  litUng 

nmpmotoi  In  lids  Tle«i  chain  whed, 
XJ>;  chain,  (;  drank,  /;  plbnan.  «| 
lercr  atlnohment,  e ;  ohitelL  t ;  Icrsr,. 
hi  brace, if. 

1,  Hi  plng,l|  I     " 


Fio.  S.  SwlTel  elbow,  k,  and  pendant  eoopla,  F. 
PLATE  Ln. 


(OrlginaL) 
PLATE  Lin. 


.GoQt^lc 


EXPLANATION  TO  PLATES. 
PLATE  LIT. 


a.  1.  TIibJ.  W.JohnMaOottsn^dBkkr,  ride 
Tinrj  whaaL  i;  frwDt^  Bi  itf,  D; 

luik.  A ;  pltmu,  S I  czKik,  *  j  platen 
rod  kod  IflTflr,  O;  pnmp  ind  vpoott 
S]  iwok,^;  oompue  FL  Un. 
B.  1.  TheMme.topTiew|  wliMla,  0|  fniiie,2, 


Tm.4.  a 


no.  I.  The  J.  H.BtnUer  Cotton  BiHiiiklw^piiiiip 
orUndgr,  a ;  ipoat,  J ;  >lT-iiblmlMr, 
frj  X-plpe,  <;  Kitli  ipnTL 

>ta.t.  The  OeargsTogBrOottaiBpriiiUer,  aide 

plp*i  ('l  pomp  vyHndu,  D;  ipiliik- 
Unipfpca,  SKli  pbtta,  Jr  lergr,  7. 
Vm.  T.  Bus,  top  t)««i  MtM^ 


(Adapted  boa  pi 

Tie.  1.  Tb«  v.  B.  AUbd  tacket  baa«  aprayar, 
in  aaetlDni  aprtng,  X;  rod,  Dj  pin- 
bolaa,  ■ )  TBlTe-platoD,  O ;  packing, 
F)  ohunbar,  A ;  roaa,  B. 

Tib.  3.  Thsaama,  valTfr-platiiD  wHli  aplnl  aptlng, 
S  \  lettered  and  eipbUued  the  aame. 

Ro.  1:  The  Ckorge  TDinuend  knaptack  agitator 
can,  TJth  haod-plpe,  liit«Tt<>r  ezpoaed: 


PLATE  LVT. 

nrinAOE,  bouuuck,  axst  now  mi 

(Adapted  from  patent  diawtnga. 

TlO.  1.  The  W.  T.  Willie  honebwtk  ipTliiklei, 
aide  *lewi  back  reata,  A,  urns  net, 
Oi  ean,  B;  atopper,  O;  ahatoffl  D; 

no.  i.  9ama,  top  rlew  i  lettarad  and  aiplained 

>M.  I.  SaiBfc  KK  Tlev;  Mtvred 


can,  A  ;  lid.  D;  ahonlder  loape,  V,  F; 
perforated  daahera,  B;  TSlva,  W; 
■piing,  P I  guid^  B I  velTe  roda.  nui 
valTB  lever,  T.  with  oardi  fulcnuB. 
Bi  diioharge-plpa,  6;  hoaa,?:  hand- 
pipe,  I;  nocile,  X. 


no.  4.  The  T,  B.  Tajloi  plow  apTinkler,  in  ho- 
tloDiplov,  ADSBF;  Uqaiaoyllndar, 
Mi  milng  tube, /;  cord.  J^;  epiajiV. 

FiQ.  5.  TheC.  A.  Samae;  ku^aaok  apiinklwi 
reoeptaole.  A;  flUer.  a;  hand.plpea. 
B,  hnng  at  d ;  uoaalea,  b. 

ns.a.TheT.M.0 


(Ad^tod  from  patent  di^ninga.) 


Tw,  I.  The  yr,  T.  BoUsaon  ocmbtnad  apitaUn 
^l  totarj  dnater.  top  Tlev ;  frame, 
ATi  apiinkler,  aD£BP;  powdarboi, 
r,  wlndlaaa,  V;  polle.Ta,Pe;  belt,Oi 
lavar,  £;  >haft,  Oi  rotary  alftera,  B. 

Tio.  S.  SaomwetlonTlew;  lettvradaiidoiplaliied 
the  aame. 

Fie.  1.  The  M.  A.  Da*1a  rotary  dutar,  to  cart, 
nBTTiew  I  cart,  A  ;  ahaft,  yB;  spring, 
b{     beaiinge,  a;    pulley,  a;    rolAry 


no.  i.  Same,  alflan  in  eeotlon. 

Flo.  i.  TheC.  H.  Levy  Totaiydoiter. bast Tlaw) 
atandarda,  Oi  eraok  tOrk.  F;  bolt, 
S;  onnk,  Sdi  abaft,  Di  rotary  alft- 

Fio.  1.  Same.  In  aeotlon  j  lettered  and  aiplalnad 

thenme. 
Flo.  T.  Simple  atfthig  oaa. 


Gooi^le 
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n>ATB  LTin. 


no.  1.  Xha  >.  A.  SdiUx*  n^rj  taHk  M»n 
maiililMi  tnmt,  CU|  wha^  Si 
balls,  >i  ibaft,  f  i  gMn,y*i  powdw 
bourn,  Di  braihn,'- 

Vm.1.  Bama,  dBeTtaw;  Mtoni  and  e^Uuad 

TW.t.  Saaa,  nar  Tla«r  MUnd  and  — rt-ip-^ 

(haaaaa. 
Ita.  4.  Iha  W.  T.  WUBa  alare  maeUna,  aeetlim 


n».  t.  Tba  T.  B.  TajlR  amUnad  plow  a(iink- 


na.T.  Tha J. If. Tonngakoaldv airport  iMar; 
■Utui  aoppart,  BTOi  mortlaaa,  •) 
■MpMta',   i>jrr    ojlMar,  «i    ad- 


no,!  Same, 

{dalnsd  tbs . 
Fia.  >■  Bama,  itHnrlDi;  vOua  braabea,  fi  aaetkn 


Fio.  L  Tba  W.  Bwlng  aweepar  and  aUflar,  top 


na.a.  ThcVood-aBttb  tntr  aweepar.  top  Tinr  I 
&«Btk  i<Ml  whaala,  n  pu,  Jto; 
fi  bar,  6i  wliiga,M;  baarlsga, 
di  baadlo,  k-,  pliu,  t;  d>))pen.««, 
hlnjcad  M  p ;  ratchet,  t  i  apringa,  v  i 
diank  lerer,  r  i  wMlBaCne,  a. 

na.  T.  Sams,  In  oroaa^aetkni ;  lattand  asd  es- 
pIidiMdtbe  laote. 

FlQ.  S.  Sane,  loBsltndinal  aaatlDD!  lattand  lod 


(Vl»  <  I  adgiBal  1  ng.  1  froa  Dapl^  B^ort  OB  CotMa  & 


Vm.  1.  The  J.  a.  a.  Oanett  motk  B^  aatllat 
patterm;  atake.  As  board.  Si  pao.  (r 
lantera,  X;  braoea,  T. 

no.  1  IbeB.r.  KoQBeenmothn^lnaeiitkHi; 
aoaka^   <7i  pan,  Bi  laUam.  Ai  da- 


Fis.  I.  Tlia  J.  ir.  Blnklef  m 
Fid.  1.  Tlia  J.  S.  Walker  mi 
FiQ.  S.  A  il 


PLATE  LXL 


(Tlga.  1, 8,  B,  (  orlglBa] ;  Fl|.  4,  from  patwrl  dratriiij(.| 


Vm.  I.  Tba  net  trap ;  net,  mn ;  Ita  open  base,  t, 
with  welEbt;  ■opporta.ii  laoten.  It 
atanduda,  i;  olsata,  e,  for  bait  board  i 
dared  Inlet,  ta ;  glus  ar  brtgbt  da- 
BeotoTi  i ;  Hide  fltuge.  A ;  root  Bau|^, 
t;  ridge  fold,!;  W.  8.  Barnard,  ini. 

Fia.  2.  Tbe  J.  0.  O.  Oarrett  improved  motb  trap, 
ID  •ectioui  eteke.  •;  traj-.  (^  liquid 
bait,  X :  aunea.  t  -.  ml.  r ;  ligbt  i. 

rta.t.TbeJ.  Stith  '■Cotton-worm  Eitennloat- 
nr"  trap  I  Iray,  d;  opal  clui  lanMro, 
a;  eldo-flaiiso,  b;  coTcrflangB,  «. 


Tta.t.  Tbe  3.  U.  Heard  aeth  trap,  In  aecttan; 
tray  and  llqnld,  ABt  flange,  aj  atasd- 
ard,  tS ;  Don^defleolor,  < ;  HMfOauge, 


Fia.  5.  The  B.  D.  Pngh  moth  tt^  the  interur 

ripOHid  ;  tr»f.  A  ;  laulan,  £;  light, 
D;  Tlal.  £;  pega,  ad. 
Fio.6,  ThD  A.  La  BUoo  "Collon  Uolh  De- 
stroyer^" wheela,  A;  platform,  B; 
Hluidardii,  ed;  roaT.  D;  enspaiided 
j^Iobc  deSoctor.  E-.  rhandcllBr.  aiF. 


■  EXPLANATION  TO  PLATES. 
PLATE  Lzn. 
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ira.    (Originri.) 
Tia.2.  Laphygna/mgiptraa;  o, nonokl fi>rm i  6, 

«,  vaiiMlODt.  (Anei  Blla;.} 
Tia.  S,  PHettrim  aWtwirit.  (Orfgiii*!.) 
Flo,  4.  J.i]r(tati<«H«M.     (OrtcliiaL) 


ITiD.  G.  DratUrit  trtclUta :  a,  egg  (gwtly  eS' 
taiged)  I  fr.  t,  Aill  gram  km;  «. 
ooooon  i  4,  popii ;  t,  /, 
■Im.    (Oiiglul.) 


PLATE  LXm. 


Pro.  1,  XptintMala:  a,mid«;  ft,feni»le)a,iHdB 
palpnii  d,  vnlvfti— cDbrged. 

Tio.  3.  J.rjr'ofx  .Awidtii:  a.  suilai  b,  fenula;— 
natanl  lUa ;  >.  male  ptlpas  j  4,  thI- 


(OrlKluL) 

Pis.  b.  nvlildla  ifiimtla:  «,  Itaula,  enluged) 


e,    Diftla  palpus;  d,  Tii]Tft;_a)l  an 


PLATE  LXrV. 


Tlo.  1.  IWrairiiaMa  BtouK.-  i 


.Gooi^le 


D.qil.zMBlG001^le 


sdBiGooi^lc 


sBBiGooi^le 


c     ;-.;■  ,-.,  V  s  i 

Mm' :; 

'p-^i^    ,    ,• 

r'  ' 

1          , 

;q.i..cd,Gooi^le 


sBBiGooi^le 


:i.olo^iral  CoinmiBHion.  Report  +,  Plate  I. 


THE  COTTON  WORM. 

(Alelia  argiUacea  ) 


sBBiGooi^le 


V.  iitaniolujical  Conimisaia 


Hfport  4.  Platf  H 


kW 


m 

la 


"t: 


m 


ILLISTRATIONS  o,  ANOMIS  «xn  A1.ETIA. 


D.qil.zMBlG001^le 


■.oloiJical  CojremiBsion.  Report  4,  PlatelH. 


i 


THE    BOLL  \VORM. 

(HeliothiB  armi^cra   ) 


sBBiGooi^le 


E.nt oncological  Coimniasion- 


Beport   4,  Piatt- IV. 


/■^^        A 


THE    BOLL  WORM. 

<  Hi'liiithis   (inuictiTH.) 


_,^,wg,^ 


sBBiGooi^le 


sBBiGooi^le 


D.qil.zMBlG001^le 


■■"J^T   iv;  U  i  LfJTDMfJLOr.lCAL  ',DMM;&'")ICIN  . 


/ 


i4 


^ 


'ii 

-^f 


ANATOMY  OF  ALETIA 


■ogle 


sBBiGooi^le 


V 


y 


M  "    V 


,Goo<^lc 


sBBiGooi^le 


:fz 


,Goo<5lc 


sBBiGooi^le 


ij  S  tKTOMOLOt^lCAL  C0MV15SI0N 


ANATOMY  OF  ALETIA 


.Goo»^lc 


sBBiGooi^le 


f 


j 

m,.,. 

1              :■  ,  ■■;  1 

1 

l/ 

■-';;' 

"■"'  '■'         D,t,Bdh,Goo<^le 


sBBiGooi^le 


•jf  ^ 
3- 


ANATOMY  OF  ALETIA 


■Ogle 


sBBiGooi^le 


Bepoit  IV.U.S.Enlomolo^i<!al  Commission, 


RTiETHRtlM  ROSEIM.  .^  , 

i:q,t7ed.yCOO»^IC 


sBBiGooi^le 


RpportlV.  U.  S  Eiitqmolo^cal  CommisaioTi, 


PYRETHRimt  CINERARKi'OULIM. 


■Ogle 


\ 


D.qil.zMBlG001^le 


Beport  JT.  U.  S.  BntoDMlogiul  CammUakHL 


•#^^ 


°;^^t««^*S- 


MAMT-PUMCTURliD  SPRAY-XOZZLBS. 


DqilzMBlGoOl^le 


sBBiGooi^le 


BepoTt  IT.  n,  S.  SntouwIoglcBl  Conuniuioa. 


Many-punctubed  Sphay- 


sBBiGooi^le 


Report  TV,  V.  8.  Eutomdlagliw]  CommiBioii. 


.m:ia 


Fig.  8.  Fig.  S. 


Flg.«.  Blg.T. 


r~aB 


W.  B.  B..  DtL 


Slot-nozzlbs  for  Sprayimg- 


.Goo»^lc 


sBBiGooi^le 


Bepon  rv,  t;.  S,  Enlamologloal  Cai 


R  Spraying — Contirned. 


y  Goot^  Ic 


sBBiGooi^le 


Hsport  rv.  V.  S.  Sntomologicd  Cl 


r  n!\ 


Slot-nozzlks  for  Spraying— Con  tinaed. 


:q,t7ed.>G00t^lc 


D.qil.zMBlG001^le 


Deflbctoh  Spbay-nozzles, 


.Goo»^lc 


sBBiGooi^le 


Report  rv.  U.  S.  Entomological  Commliul 


SiuPLR  Pattern  Hpj'at- 


.Goo»^lc 


sBBiGooi^le 


Beport  IV,  U.  S.  Entomological  CommlMlou. 


Dkplector-nozzlks  with  Solid  Jet, 


..Goot^lc 


D.qil.zMBlG001^le 


B«puit  IV,  U.  S.  KntumiiloElcitl  Ciiinini»'loD 


Plat«  XZIL 


sBBiGooi^le 


PUtaXXm. 

^ 

c 

/^"^^ 

t 
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[The  follo^Dg  appendices  include  such  letters  anil  reports  aa  contain  matter 
deemed  worth;  of  bein^  preserved  and  not  ftillj  used  in  tl)e  body  of  the  work.  Many 
cf  the  reports  of  agenta  were  received  in  the  form  of  cnntlniied  oorreapondence  and 
have  been  utilized  and  qnoted  from  in  the  different  cbaptera.  Otbert  again  have 
not  been  of  such  value  as  to  warrant  publication.  Some  of  the  replies  to  Cironlar 
No.  7  (see  Introdnction)  are  added  in  Appendix  VIII,  the  replies  being  numbered  to 
correspond  to  the  questionB.  The  reports  as  well  as  the  answers  to  the  oiroulai  are 
printed  Jost  as  they  were  received  and  without  comment,  though  it  is  hardly  neceasaiy 
to  inform  the  reader  who  bes  perused  the  different  chapters  that  the  views  and  theories 
of  the  different  writers  are  not  necessarily  indorsed.  They  are,  rather,  published  to 
illnetrnte  the  conflicting  views  and  theories  held  by  the  more  iutelligeat  correspond- 
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BEPOBT  OF  H.  0.  HUBBARD. 

Detroit,  Mich,  Aiigu$i,  1881. 
Sir:  I  have  tbe  honor  to  Biibmit  herewith  my  report  of  obserrations  made  dnriog 
the  past  Beasoii  upon  Aletia  and  other  iusect  enemies  of  cotton,  in  the  State  of  Florida. 
These  obserTEtioDH,  bejcun  ia  Putnam  Connt;  in  the  early  spring,  were  extended  during 
the  month  of  Jane  over  portions  of  Alachua  Connty,  as  far  aa  Gainesville,  in  tbe 
heart  of  the  long-staple  district,  and  terminated  in  September  at  Ceutreville,  in  Leon 
CoDnt;,  near  tbe  Georgia  line.  Dndng  March  and  April  I  made  au  eipeditjon  along 
the  east  coast,  from  Duytona  (latitude!^  15')  to  Japiterat  thesonthem  end  of  Indian 
River  (latitnde  37^}.  In  this  thinly  settled  portion  of  the  State,  however,  cotton  ia 
only  exceptionally  grown,  but  as  iC  IS  ill  this  region  perennial,  occasional  plants  are 
met  with,  vhtoh  have  escaped  frotji  cultivation,  and  still  persist  in  the  neighborhood 
of  babitations  deserted  dunug  thu  tiuie  of  tbe  Indian  wars.  Only  one  cultivated  Geld 
was  seen  near  Daytona,  in  which  tlie  plantn,  being  in  the  second  year  of  their  growth, 
had  attained  a  nMH«  than  average  height,  and  were  at  this  dat«  (March  27)  in  full 
bloom.  They  appeared  to  be  free  from  the  attacks  of  insect  enemies.  Regarding 
tho  latter,  tbe  inioTmation  obtained  from  the  Dettlers  along  tbe  coast  was  too  meager 
and  uureliablo  to  furnish  a  basis  for  speculation.  Alalia  appeara  to  be  unkuowu  to 
them,  and  they  complain  only  of  the  depredations  of  a  "red  ipider,"  probably  the 

In  Pntn am  County,  cotton  has  been  raised  for  man^  years,  but  tbeacKagehasnever 
been  l»rs*-  The  plaiils  aro  killed  outright  only  in  exceptionally  severe  wintera. 
Tbo  winter  of  1079-'^  having  been  very  mild,  cotton  remained  in  leaf  and  continued 
to  bloom  during  the  entire  season.  Notwithstanding  these  favorable  conditions  Aletin 
iloea  not  appear  'bo  hibernate  here.  The  worms  make  their  appearance  every  year, 
hut  always  ^en  late,  and  are  not  noticed  by  tho  planters  until  September  or  October. 

At  Crescent  Cily,  in  the  southern  part  of  Putnam  County,  my  observations,  begun  in 
February',  were  continued  during  the  mouths  of  March,  May,  June,  and  the  first  half 
of  July.  During  this  time  I  made  almost  daily  search  for  Aletia,  but  failed  te  find  it 
in  any  of  ita  stages.  Only  two  fields  uf  cotton  were  planlfd  the  previous  season,  in 
lioth  of  which  the  caterpillars  were  first  seeo  in  September,  shortly  after  a  severe 
eusterly  storm.  After  stripping  tbe  plants  of  tfaeir  leaves,  they  "  webbed  up  "  in  great 
numbers  npon  surrounding  objects.  In  oae  of  the  fields  young  orange  trees  were 
growing  l)etween  tbe  rows  of  cotton,  and  to  these  they  diil  some  injury  by  completely 
occupying  the  leaves  with  their  chrysalids.  The  cotton  atalks  put  forth  new  leaven, 
and  as  there  was  no  frost,  continued  to  make  a  atrogeliag  growth  during  tbe  winter. 
The  later  broods  of  Aletia  appear  to  have  been  entirely  destroyed  b^  parasites.  These 
in  tnm  disoloeed  and  disappeared,  so  that  at  the  time  of  my  examination  none  of  the 
many  pupn  examined  were  found  to  contain  life  of  any  sort.  A  small  proportion  had 
died  from  unknown  causes. 

A  much  larger  acreage  of  cotton  was  planted  the  following  year  (1680)  in  the  same 
and  adjoining  fields  as  well  as  in  other  parts  of  the  county.  I  therefore  confidently 
expected  to  find  the  first  Gotten  Worms  ju  May  or  June.  None  were  seen,  however, 
nntil  m;  return  on  September  13,  when  a  single  full  grown  caterpillar  of  Aletia  was 
diHCovered,  a  prolonged  search  failing  to  reveal  another.  During  the  first  half  of 
Jone  I  made  a  trip  to  Gainesville,  journeying  overland,  through  unsettled  portions 
of  Pntnam  and  into  Alachna  County,  on  the  southeastern  borders  of  nbicb  I  found 
tbe  first  ootten-fielda.  Dr.  F.  H.  McMeekin  (Hawthorne),  a  large  cotten  plauter,  and 
very  intelligent  observer,  furnished  valuable  information,  a  portion  of  which  I  quote 
tnim  my  notes : 

"Aletia  comes  every  year.     The  first  worms  are  all  green,  slower  in  their  devel- 

opioent,  and  less  vomcious  than  later  on.    Tbe  planters  all  r-*'—  "■-'-    — " 

believe  tbe  early  broods  to  be  distinct  from  the  later.     They  si 
if  they  have  the  worm,  reply  that  they  have  'the  grem  worm.' 
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cotton,  every  plant  pasMB  ander  the  eye  of  the  farm  band,  nho  could,  if  he  it 
telligent  or  onliiiariljr  observaot,  easily  detect  tjie  worms  when  thej'  first  begau,  or 
soon  after,  and  with  litUo  labur  the;  mi^ht  be  checked.  Negroes  are,  however,  not 
competent  to  do  this.  Tbey  tua  Buperstitions,  and  veryTeluctant  to  destioy  the  worms, 
becanM  of  tbeir  belief  in  its  '  divme  mission.'  Possibly,  Chinese  laborers  might  b« 
trained  to  destroy  the  worms  in  this  way.  Dragon  flies  are  seen  every  year  to  destroy 
numbers  of  the  moths.     TLuy  are  particularly  abundant  In  Florida. 

"More  dreaded,  iu  this  section  of  the  country,  than  Aletio,  is  the  'I{«d  Bog'  (Dy*- 
derciu  aaiurtUua  Herrieh-Scbacffer),  a  poral-rcd  HemiptaroQ,  with  elytra  edged  with 
white.  It  appeora  in  the  iield  iim  soon  as  the  bolls  bezin  to  ripen  and  crack.  It  sucks 
only  the  seed,  but  stains  the  cotton,  and  injores  the  fiber.  In  some  years  they  destroy 
every  boll ;  in  others  do  little  damafje.  They  ore  more  destructive  in  the  aontbem 
counties,  and  do  not  appear  to  ranf{e  very  far  north  of  thle  point." 

Underneath  Dr.  McMeekin's  kid  house  I  found  the  "  Red  Bugs"  in  countless  nam- 
bers  and  in  all  stages  of  grow^ ;  many  of  the  adults  were  in  copulation,  bat  tha 
eggs  could  not  be  found.  They  were  running  over  piles  of  waste  cotton  seed,  upon 
which  they  lived  exclusively. 

At  Gainesville  a  political  oonveution  was  in  sesaion,  and  I  met  and  conversed  witb 
many  cotton  planters  from  different  parts  of  the  State.  Pew  of  these  gentlemen  bad 
iuformatioD  of  much  value  to  impart.  In  regard  to  Aletia,  their  knowledge  bad  geik- 
erally  been  derived  from  experience  in  other  States,  and  I  was  struck  with  the  small 
importa  nee  attached  to  its  depredations,  especially  in  thesonthem  portloas  of  this  State. 
It  was  nuiversally  reported  to  make  itis  appearance  so  late  as  to  do  but  slight  ininr; 
iu  ordinary  years.  From  Mr.  W.  H.  Eobertson,  of  Gainesville,  I  obtained  the  follow- 
ing notes:  "Aletia  comes  lBf«i  now  than  formerly.  In  1IJ71-72-TJ-74  the  worms 
did  much  damage.  In  1874  the  cotton  was  all  eaten  up  by  August  31.  They  began 
to  be  very  uumerous  about  August  IS.  On  August  21*,  having  eaten  all  the  cotton, 
aome  of  them  went  to  work  on  sugar  cane  in  an  adjoining  field,  but  soon  died  upon 
it.  In  1875,  they  were  not  observed  until  just  before  frost  came,  and  were  all  killed 
by  the  cold.  Tne  worms  always  appear  first  in  a  particular  part  of  the  field,  usually 
where  the  growth  is  rankest,  aud  this  with  snob  absolute  certainty  that  if  not  fonud 
there  they  need  not  be  looked  for  in  other  parts  of  the  field.  They  never  sttaok  the 
cotton  until  it  has  reached  a  certain  matnrity.  He  has  never  seen  the  worms  before 
the  end  of  Jnne,  usually  not  until  lat«  in  August ;  sometimes  not  before  October. 
Last  winter,  at  Gainesville,  there  was  frosl,  and  even  ice  three  or  four  times  daring 
the  winter,  but  it  did  not  seem  to  do  the  least  harm  to  vegetation,  and  did  not  kill  or 
ii^ure  young  tomato  plants.  He  thinks  the  froets,  which  lasted  only  a  few  honrs, 
would  not  have  killed  the  pupa  of  Aletia. 

"The  'Bed  Bug'  {Dysdrt-oiw)  has  never  been  known  to  destroy  a  crop  in  this  part  of 
the  county.  If  ootton  is  planted  three  times  iu  succession  in  the  same  field,  the  'Red 
Bng'  appears  with  certainty.  It  injures  the  sale  of  cotton,  staining  it  yellow.  Some- 
times a  few  bates  have  to  be  picked  over  because  of  it,  but  it  never  has  done  much 
barm  here.  He  nsed  to  have  a  few  Boll  Worms,  but  has  not  seen  them  for  eight  years. 
Cat-worms  are  sometimes  bad  in  sandy  soil.  Bad  Bng  is  only  bad  in  rich  '  hammock ' 
land.  Never  has  had  the  Northern  Army -worm.  Someshort^aple  ootton  is  planted, 
bnt  nsnoUy  long-staple.  Mr,  B.  thinks  the  short-staple  is  more  subject  to  altaoka  of 
Aletia  than  the  long-staple.  No  one  uses  Paris  green  or  other  poison  s  beoanse  of  the 
gteat  difficulty  of  applying  them  on  lone-staple  cotton,  which  makes  a  very  heavy 
growth.  At  this  date  (Juno  10),  when  riding  through  the  ootton,  the  tops  of  some 
plants  can  be  locked  over  the  saddle-bow,  and  Inter  on  it  will  be  much  higher." 

John  S.  Livingston  (Orange  Springs)  says,  "Bed  Bng  (Dsr»d«r(!»*)  was  bad  thirty  to 
thirty-five  years  ago,  but  has  not  done  much  damage  since.  The  cateniillar  {Alattd) 
oame  after  the  Red  Bug  ceased  to  do  injury..  Twenty-two  years  ago  Aletia  was  very 
bod  for  the  first  time  everywhere  in  the  State.  There  had  been  a  few  for  ten  to  thir- 
teen years  before." 

Isaac  Boberts  (6  miles  from  Gainesville)  has  lived  here  since  1SU3,  at  which  time 
this  part  of  the  State  was  wilderness,  and  no  ootton  raised.  He  thinks  the  caterpil- 
lar was  known  to  damage  cotton  where  raised  in  more  northern  portions  of  the  State 
at  that  early  date.  In  Alachua  County,  which  at  that  time  included  all  the  country 
between  the  Saint  John's  and  SuwnnneeBi vers,  cotton  was  not  raised  antil  after  ItHS. 
"i'he  worm  was  here  at  the  earliest  date.     He  has  never  seen  Aletia  earlier  than  Jnly, 

Snerally  not  before  Angunt  1.  It  frequently  does  not  appear  until  October,  as  wan 
ft  case  last  year  (1879).  He  never  has  been  damaged  b^  Bed  Bng  (i>jF«d«r«M),  and 
knows  very  little  about  this  insect  from  personal  experience.  They  are  seen  in  hit 
ootton,  but  not  in  aafficient  numbers  to  do  harm. 
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The  experianoe  of  maoj  other  plantArs  does  aot  differ  iQat«ri«lly  from  (hftt  which 
has  been  already  given. 

The  Boil  of  eastern  Florida  is,  with  few  ezceptionH,  light  and  «andy.  To  this  Uvery 
generally  attributed  the  prevalence  of  Cnt- worms  (vanooB  Noctuids,  inolnding  BtUo- 
thia  armisBra),  which  do  much  injory  to  ootton  aa  Boon  aa  it  comes  np,  cutting  off  the 
young  plants  at  the  snrfaoe  of  th«  groand.  A  black  CTicket,  which  T  have  Dot  been 
able  to  capture,  hae  the  reputation  of  doing  injury  in  the  same  manner.  Like  th& 
Cut-womiB  it  is  nocturnal,  and  lives  by  day  in  lonft  bnrrowH  nnder  the  sand.  To  the- 
poverty,  or  someotherqualityof  theBandysoil,  is  often  laidtheruin  caused  by  "rust,"" 
than  which  no  greater  pest  of  the  cotton  plant  esiBta.  1  am,  however,  of  the  opinion. 
that  "mat,"  afunguHwhichnttackstheparenchymaof  theleaves,causiagthemtDtum. 
red  and  fall,  and  ultimately  blaating  tlie  entire  plant,  ia  a  direct  Beqiience  to  the  at- 
tacks of  a  mito,  always  found  roote  or  loss  infesting  cotton.  It  will  be  referred  to  in- 
thiH  report  as  the  "mat  mite,"  and  is,  perhaps,  identical  with  the  "red  spidor"  of  the  - 
planters.  Some  other  insects  depredating  on  cotton  in  East  Florida  will  be  treated 
of  lat«r  on. 

On  Jnly  14,  Aletia  not  having  made  its  appearance  at  Crescent  City,  at  Professor' 
Biley'a  direction  1  removed  to  Leon  Conn^,  and  took  np  my  residence  at  CentreviUe,.  ' 
twelve  miles  north  of  TaUahaasee,  with  Hr.  T.  J.  Eoberte,  who  kindly  received  nx-i 
apon  his  plantation,  and  during  my  seven  weeks'  stay  was  most  assiduous  In  offering' 


me  every  assistance  within  his  power.  Mr.  E.  is  widely-known  as  a  keen  ol)server, 
■nd  is  iuvariably  the  first  to  report  the  appearance  of  the  caterpillar  in  this  State. 
Two  full-gronn  worms  were  fonud  by  him  this  year  on  the  Bth  of  June.  In  formec 
yeara  he  has  found  them  as  early  as  May  9. 

At  the  tiiue  of  my  arrival  Aletia  had  evidently  passed  through  several  broods.  The 
caterpillars,  althouzb  by  no  means  abundant,  were  found  in  all  parts  of  the  planta- 
tion. Thia  Mr.  Eoberte  considers  nnusual,  and  attributes  to  the  remarkably  even 
growtli  of  the  cotton  this  year,  whioh  isnot  ranker  in  one  port  than  in  another.  Other 
planters  in  the  neighborhood  had  begun  to  report  the  caterpiUarasoc^ionallyseen, 
especially  on  low  ground.  The  moths  were  alao  seen  in  small  nnmbera.  About  the 
Grat  of  Angust  there  was  every  indication  that  unices  a  vigorous  fight  was  made,  by 
the  application  of  poisons,  a  clean  sweep  'wonld  be  made  by  the  catei'pillars  during  the 
month.  Sot  only  were  their  "  webs"  (pnpte)  seatteied  over  the  entire  acreage,  bnCalso 
in  several  places  patches  of  five  or  alx  acres  were  entirely  deoaded  of  leaves,  and  the 
moths  had  there  appeared  in  great  numbers.  By  the  6tb  of  the  month  the  moths  were 
•een  everywhere  about  the  puuitatlot),  and  eggs  were  laid  by  millions  in  every  part 
of  the  ootton  fields.  The  worms  of  the  next  brood,  liowever,  failed  to  appear  in 
great  numbers,  as  about  90  per  cent,  of  the  egga  were  destroyed  by  tlie  Triabogramma 
egg  parasite  ( T.  prvtioaa  Eiley),  Daring  the  remainder  of  Aogoet  this  and  otiiar  pars- 
sites,  which  made  their  appearance  in  graater  abnndanoe  ai  the  aeaaon  advanced, 
snooess^lly  held  the  worms  in  check.  "Bj  tbefiret  of  September  the  caterpillars  were 
BO  nearly  exterminated  that  it  became  dlffionlt  to  obtain  them  in  snfflcient  qnantities 
for  expwimenting  with  poisons.  Onthe&tbof  September  I  left  CentreviUe,  and,  after 
paying  a  flying  visit  to  Crescent  City,  where,  as  before  related,  I  found  Alalia  Jnst 
muing  its  appearance,  I  retomed  to  Washington.  On  the  return  1  made  an  exoursiou 
to  Selma,  Al*.,  and  there  for  a  few  days  assisted  other  .observers  in  making  eiperi' 
meate  with  poisons,  the  details  of  which  will  be  given  elsewhere  in  their  reports. 
After  leaving  CentreviUe  I  had  the  mlBfortune  to  lose,  with  a  portion  of  my  baggage, 
a  large  port  of  my  field  notes  and  a  number  of  microscopic  slides  with  parasites  and 
*  other  minute  insects  infesting  cotton,  a  loes  which  will,  I  fear,  seriously  impair  my 
report  npon  a  large  and  important  part  of  my  somineT's  work. 


Ad  examination  of  all  the  data  obtainable  gives  the  foUowing  as  most  probably 
correct  for  the  succession  of  the  different  broods  of  Aletia  at  CentreviUe  during  the 
•eason  of  1680.  First  appearance  of  the  caterpiUar  (first  brood),  early  (t)  in  April. 
Second  brood,  from  the  middle  of  May'to  the  middle  of  June.  (On  June  5  two  full- 
grown  caterpiUars  were  taken  by  Mr.  Boberts;  they  "  webbed  up"  on  the  fallowing 
day).  Third  brood,  from  June  15  to  .Inly  15.  Fourth  brood,  from  July  15  to  AngnBt 
9.     Fiflh  brood,  ftom  August  9  to  September  3. 

On  my  arrival  (July  16)  a  few  full-grown  worms  and  .pnpie  were  found  in  different 
parts  ot  the  cotton  fields.  These  are  presumed  te  have  been  lagging  individuals  of 
the  third  brood,  and  were  soon  re-euforoed  by  numerous  young  worms  and  eggs  of  the 
fourth  brood.    July  26,  the  following  entry  oconrs  in  my  note  book : 

In  the  main  Sold  of  300  acres  the  worms  are  still  very  much  scattered,  but  their 
number  is  increasing  over  its  whole  extent — that  is,  they  ure  working  np  from  below, 
and  appaaring  in  sight  upon  tbe  npper  and  outer  leaves  of  the  plants  aa  they  increase 
in  size.  A  portion,  about  6  or  6  acres,  of  this  field  was  p1ante<l  at  least  twent.T 
days  later  than  the  rest.    I  shall  hereafter  designate  it  as  lAe  ywtng  nottm.    It  Is  now 
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*f  the  same  beigbt  as  tbe  auiroaniliii);  cotton,  but  hns  fewer  matnriD);  Iwlls,  A  |iart 
-of  this  y^itDfc  cottou  ia  In  a  hollow,  where  it  grows  very  tall  aoil  rank ;  the  retnainder 
Hlretcbcs  np  the  bill-sides  on  either  band.  The  portions  on  the  hill-sideis  are  now  Teiy 
niQch  "  ragged,"  some  plants  having  nearly  ever;  leaf  eaten.  Tbe  portion  in  tbt>  Imt- 
tom  is  least  attncked  of  any,  though  cot  by  mj/  means  freo  ftotu  worms.  The  wunna 
in  this  young  cotton  are  beginning  to  web  np  in  large  nnmbers.  Or  (he  leavea  now. 
'being  folded,  tliB  greater  number  contain  Utvbb  just  beginning  tlieir  webs;  next  in 
point  of  numbers  are  Ins  vee  containing  larvie  not  jet  in  pupa;  and  last,  fully  formed 
pupiD.  I  gatbereil  nt  random  S5  or  3D  papa>,  all  of  which  had  tjieir  full  color.  All  tbe 
pnpie  were  plneed  head  toward  the  base  m  leaf.  About  one  quarter  of  the  uuchan^ed 
'  and  feeding  Inrve  in  flight  ate  dark  colored.  I  find  a  few  pupsa  from  which  moths 
iliBve  ulready  disclosed.  Very  young  larva  and  eoga  are  also  common,  as  well  as  evprt 
intermediate  stage.  1  have  seen  very  few  motna  anywhere,  none  at  all  among  the 
"young  cotton."  There  ia,  bowever,  a  comer  of  the  field  through  which  pansea  a 
■dUich,  along  nhicb  the  cotton  plants  are  more  widely  separated,  and  grow  low  and 
■prendiog,  giving  dense  shade  close  to  the  ground.  Such  plants  eviiloutly  afford  ae- 
eoptable  Inrking  places  foi  tbe  moths  dnring  the  daytime  The  first  seen  n-ere  fonnd 
here,  July  17,  and  I  have  since  started  a  few  wbenever  I  have  passed  through  this 
part  uf  the  field.  I  do  not  think  the  motbs  give  these  plants  the  preference  in  depoei- 
thelr  eggs,  and  tbe  worms  are  not  more  numerons  bere  than  elsewhere.  The  fol- 
lowing IB  a  detailed  examination  of  one  auch  plant,  selected  for  medinm  beijchtr 
spread,  and  general  development. 

Flani  Xo.  1,  Julg  27. 
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Aa  tbc  moths  live  and  contiuno  to  lay  eggn  fur  taany  days,  it  foltowe  that  tlie  suc- 
cessive generatiors  riipidly  become  inteTiuiagled  aud  coDtused.  Any  division  iuto 
exact  )H'riodB  is  tlicrerorehypotl]etica],biit  the  oiaxinium  namberor  geneTationB  cnn 
be  arrived  at  with  certainty  by  combined  observations  io  the  field  and  in  vivaria. 

The  following  statement  oTchibits  in  tabular  form  the  comlilions  observed  in  the 
field,  together  with  the  iierio<ls  of  time  occupied  in  each  atage  of  itrowth,  as  doter- 
mincilby  aumerons  experiments  made  from  time  to  time  in  vivaiia  indoors  aud  under 
nettings  in  the  field : 
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Aa  tbe  earlier  broods  did  not  fall  under  my  observalioD,  tliere  may  be  a  qaeetioD  ai 
to  their  Dumber,  but  tbe  seaeonof  1880  beiug  an  early  ooe,  it  is  probable  that  thefint 
brood  was  no  later  in  making  its  appearance  than  in  former  years,  when  grotm  wortM 
were  seen  early  in  May.  In  liiia  case  the  Brat  ^rood  will  have  begna  iu  April.  The 
two  larviB  fooitd  bj  Mr.  Roberts  on  June  5,  and  which  pupated  on  the  following  day, 
will  thi'n  Tall  into  ibe  second  brood ;  and  the  moths  appearioK  abont  themiddleor 
the  month,  Bu  interval  of  thirty  daya  remainH  to  be  occnpied  by^he  tbtrd  brood. 
Uuriogthia  period  ttieefCgHWora  scattered  over  (he  entire  plaDtation,  and  aa  their 
iluposition  was  probably  continued  many  dayn,  the  succeeding  generations  beesme 
coDfnsed. 

Tlio  post  season  has  been  hot,  and  with  an  duuhubI  amonnl  of  rainfall,  iiarticniarly 
iltiring  the  month  of  An^nHt.  conditions  which  are  uanally  regarded  aa  favorable  to 
the  development  of  Alciiii,  mid  unfavorable  to  enemies,  but  which  at  Ceutreville  do 
not  appear  to  have  hindered  Iu  the  sligbtcst  degree  tbe  spread  of  certaia  parasites — 
uolably  the  minnte  egg  parasite  (THcliogramJna). 

My  observationit  npon  the  egg  of  Aletia  simply  confinn  what  has  been  nlready  DOt«d 
by  other  observers,  and  I  have  not  thoncrht  it  of  advatitagn  to  mnltiply  litblcs  whirli 
would  give  results  not  differing  materially  from  those  shown  in  the  ono  already  pro- 
tluced.  I  found  the  uggs  almost  invariably  deposited  on  the  under  side  of  the  le.if, 
orien  close  to  but  very  rarely  upon  a  vein,  Kxceptionally  they  were  fonnd  npon  the 
npper  stirface  of  a  leaf,  and  iu  one  or  two  instances  npon  tbe  involucre  of  a  flower. 
Iu  July  an  nndue  ptoportion  appeared  to  be  deposited  upon  axillary  leaves,  C  r., 
those  growing  upon  the  main  Gtaik,  in  the  axils  of  branches.  Such  leaves  are  ofien 
aborted  in  sir.e,  bave  smooth  soriaces,  and,  though  very  mature  and  touf^b,  sreBeldum 
rusted  or  iufcated  with  plant  lice.  They  appear  to  afford  the  most  favorable  food 
material  to  the  very  youn;;  larvs.  Tbe  middle  third  of  moat  plants  beftrs  the  greil- 
vM  number  of  eggs,  although  the  lower  leaves,  even  when  much  sanded,  are  often  nnl 
disdained  by  the  mother  moths.  These,  aa  a  rule,  deposit  but  oue  egg  upon  a  Ie>f; 
rarely  two  appear  to  be  laid  npon  the  same  leaf  by  a  molb,  in  which  case  they  ant 
found  close  together,  and  were  probably  deposited  simultaneously.  ITpon  leaves 
marked  for  special  observation  I  have  had  three  eegs  deposi  ted  during  the  same  nigbt. 
The  number  found  nnou  a  single  leaf  will  depend  npou  the  abundance  of  motha,  the 
condition  of  the  plants,  &,c.  I  have  never  observed  more  than  seieu  unhatched  efifci 
iipoii  the  same  leaf.  Eggs  are  laid  during  the  first  part  of  the  nigbt  and  early  morn- 
ing. 1  believe  few  are  deposited  betweeu  midnight  and  'i  o'clock  a.  m.  In  the  period 
of  incnbatiou  1  touiid  little  variation ;  the  young  worms  appeared  on  the  fourth  day, 
seventy-two  to  eighty-four  hours  from  the  laying  of  the  egg,  batching  usually  in  the 
I'arly  uiomiug.  Tbe  young  worms  appear  upon  the  outer  or  upper  Icavea  of  tbe  plant 
when  nearly  hiilf  grown. 

Only  gn^tD  worms  were  seen  until  the  fourth  brood  was  well  advanced.  In  tbe  1st- 
ler  part  of  July.  Wonns  with  dark  stripes  then  apneaFod,  and  gradually  Iiecanit 
more  numerous,  until  at  the  close  of  the  tonrth  and  throughout  the  fifth  broiHl  thr; 
outnumbered  the  green  worms.  Numerona  testa  failed  to  ahow  nuy  dill'iTf  nee  iu  tiuir 
of  development  between  tho  two  forma.  The  wonua  were  seldom  seen  feeding  at 
nigbt,  and  only  on  bright  moonlight  or  starlight  uights.  Mauy  apecimens  were,  bov- 
ever,  bred  from  the  egg  io  the  moth  in  tight  tin  boxes,  and  tbia  exclusion  of  ligM 
appeared  to  have  no  cliect  upon  tbe  coloration.  Of  those  fed  upon  immature  leavM 
a  greater  proportion  remained  uniformly  greeu  ;  but  the  experiment  was  not  conclu- 
sive, aa  not  a  few  of  those  fed  upon  mature  leaves  remaiued  equally  tight-colored, 
while  dark  forma  occurred  in  all  my  breedtng-boxes.  I  was  unable  to  Snd  the  wormi 
feeding  upon  other  plants  than  cotton,  either  in  the  cultivated  fields  or  woods  in  tbe 
vicinity.  Although  I  some  limes  failed  to  obaervo  more  than  three  or  four  molts," 
variation  from  tho  normal  number,  Ave.  waa  never  satisfactorily  made  oat. 

It  is  often  aaserted  by  the  planters  that  cotton  iu  tbe  shade  of  trees  ia  not  eaten  bT 
the  caterpillars.  Myown  observatiousniMu  thispointgavecoutlictiugresalts.  While 
Id  some  cases  I  fonnd  cotton  thus  shaded  entirely  tintoncbe<l,  although  the  surroDiid- 
ing  plants  were  much  ragged,  in  other  marked  instances  shade  appeareil  to  exerciw 
DO  protective  influence.  The  following  trnnscript  from  my  notes  gives  one  case  id 
point.  It  records  the  discovery  of  a  brood  center  belonging  to  tbe  Bflli  generaliij^ 
August  20:  1  learned  to-day  of  a  portion  of  the  field  where  caterpillars  werfl  to  ™ 
found,  and  visited  it.  It  is  a  small  area  of  "  bottom  land,"  bordering  npon  the  road. 
The  cotton  is  somewhat  ragged,  and  worms  of  all  sixes  are  modetately  abundoDt. 
There  are  worms  just  webbing  ap  and  pnpaj  both  vacated  and  living.  Yoongwomii 
(one-third  grown)  are  the  moat  abundant,  but  eggs  are  scarce,  and  1  saw  but  one  or 
two  moths.  This  is  evidently  a  center  of  tho  brood  following  that  in  tbe  "  jounf 
cotton,"  which  is  in  the  same  field  about  a  quarter  of  a  mile  distant.  By  the  b'^"  •? 
the  rood,  and  covering  a  portion  of  this  bottom,  stands  a  very  large  oak  tree,  with 
low,  sprsailing  branches,  casting  quite  a  dense  shade.  Tbe  tree  has  been  girdled  "'"' 
is  slowly  dying,  but  bos  not  lost  its  leaves.  Tbe  cotton  rows  under  it  arc  unbroken. 
Tbe  plants  stimding  close  about  its  trunk  arc  very  tail  and  rank,  with  large  and  fulv 
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matured  leaves ;  Ihey  are  CDvered  with  caterpillaTB,  and  even  more  badly  ragged  than 
those  outside  in  the  bqu. 

Caaes  of  appiureDtly  nhinulcal  exemption  tioni  attack  are  Bometimes  met  with.  A» 
for  example  two  flelde,  separated  only  by  the  tnm  of  a  fnrrow,  one  of  which  is  eateu 
op  to  the  last  row  and  the  other  left  untouched.  In  these,  aa  well  as  io  casea  whet« 
■bade  is  found  to  exercise  a  protective  infloence,  I  am  inclined  to  snspect  an  explana- 
tion will  bfl  fonnd,  aa  ban  b^n  ioggested  bj  others,  in  a  difierence  in  the  neolar  se- 
cretion of  the  leaf  glands,  tbe  rnotha  being  perhaps  attracted  to  those  ptaata  where 
the  flow  of  nectar  ia  greatest,  and  avoiding  those  where,  from  some  oanae,  bnt  titile 
is  secreted.     Aa  to  the  laws  which  govern  the  secretion  of  nectar  I  know  nothing. 

The  period  of  larval  existence  was,  at  Centreville,  aboot  nine  days  in  Jaly  and  ten 
daysin  Angnst.  Jn  vivaria  tu  the  honsetbe  time  wasextended  tofODrt«endaysiDlhe 
former  ana  sixteen  days  in  the  latter  mouth.  The  worms  occapy  nearly  the  whole  of 
one  day  in  completing  their  webs  orcocoons;  the  following  day  they  change  to  popip, 
which  attain  their  fnu  brown  color  before  momiog  of  the  Uiird  day. 

The  pupa,  except  in  coaea  of  accidental  reveiB^,  is  invariably  found  with  the  bead 
towarita  tne  base  of  the  leaf.  The  pupa  state  lasts  from  ei^ht  to  eleven  days  in  Jnly, 
from  seven  to  eight  days  in  August.  The  warm,  damp  nights  in  August  seemed  to 
hasten  their  development. 

The  moths  begin  to  emerge  &om  pupa  soon  after  sunset,  and  continue  to  appear 
during  a  great  part  of  the  night.  In  August,  on  cloudy  days,  large  numbera  disclosed 
at  6.30  p.  ID.  The  period  of  existence  In  the  imago  stage  is  difficult  to  delermioe 
with  certainty.  The  males  probably  die  soon  after  copalation.  In  the  founh  and 
fifth  broods  the  life  of  the  female  is  certainly  not  more  tbau  fifteen  days.  Under  net- 
ting in  the  Held,  they  survived  nine  or  tea  days,  laying  ecgs  nightly  during  at  least 
half  of  Ibis  period,  and  dying  without  baying  deposited  all  their  ova,  1  am  inclined 
to  think  the  average  life  of  a  motb  in  freedom  is  about  ten  days.  In  vivaria,  when 
deprived  of  moisture,  they  invariably  died  in  four  or  five  days.  By  keeping  the  air  in 
'the  breedioH  Jar  moist,  and  giving  them  fresh  cotton  leaves  spmyed  with  water,  their 
life  was  proToDged  in  some  coses  eleven  days.    They  drank  greedily,  lanping  up  with 

ny   breedi 
notes  of  that  date: 

At  6  o'clock  this  morning  I  found  two  Aletia  motha  in  copulation ;  they  disclosed 
last  evening  from  pups  that  I  was  handling.  I  watched  them  aboutflfteen  minutes, 
when  they  quietly  separatod.  The  male  genitals  were  not  much  protruded.  The 
two  terminal  plumea  claaped  the  body  of  the  female  on  either  side,  bnt  1  was  unable 
to  observe  the  poaition  of  the  other  parts.  The  male  rested  with  wings  horiiontsl  in 
tbe  nsual  position,  the  female  held  the  wings  raiaed  vertically,  aposition  I  have  never 
seen  it  assume.  Neither  sex  made  any  movement  until  they  separated,  when  the  male 
genitals  were  retracttd  at  once  to  the  normal  position. 

My  next  observation  was  on  August  14,  when  I  found  two  pairs  in  copulation  at  4 
a.  m.  On  this  occasion  I  watched  my  Jars  during  tbe  entire  night,  except  between 
tbe  houre  of  2  and  4  a.  m.,  when  I  unfortuuately  fell  asleep.  On  awakins  at  4  a.  ui., 
1  found  one  pair  in  colttt  in  Jar  No.  9  and  another  pair  In  Jar  No.  11.  Both  coutained 
motha  which  had  emerged  from  pupa  three  nights  before  (August  11).  Evidently 
copulation  had  been  in  progress  some  time,  for  they  soon  separated,  when  disturbed 
by  the  flattering  of  the  otner  moths.  Both  sexes  held  the  wings  horizontal.  Aa 
to  the  position  of  the  genitalia  nothing  new  conld  be  made  out.  Uauy  fertile  eggs. 
had  been  deposited  in  the  same  Jar  eanier  in  tbe  night,  and  probably  by  motha  that 
had  copulated  during  the  tirst  or  second  nights.  Hy  breeding  Jars  hiire  been  under 
observation  at  all  boursup  to  1  a.  m.,  bnt  copulation  was  never  seen  during  this  part 
of  the  night.  Up  to  Augnst  14  my  night  work  in  tbe  fields  had  never  been  continued 
later  than  1  a.  m.,  and  conseonentJy  I  hoduever  seen  copulation  there.  Hnbeequently 
I  made  oUservalions  during  toe  early  moming  hours,  and  on  several  occasions  foun^ 
moths  in  coitu  just  before  daybreak.     The  coupling  ceased  ossoouasil  beoameiight. 

During  the  day  it  ia  the  invariable  habit  of  the  motji  on  alighting  to  turn  the  head 
downward.  After  dark  and  thronghont  the  aigfat,  they  retain  indinerently  any  posi- 
tion they  may  happen  to  take  on  coming  to  rest.  At  dawn,  aa  the  light  increases,  it 
is  a  cnrious  sight  to  aee  the  motha,  one  after  another,  reverse  their  positions,  and  set- 
tle themselves  for  their  diurnal  nap,  Aletia  does  not  appear  to  me  to  be  greatly  at- 
tracted by  light;  on  tbe  contrary,  the  moths  often  seem  to  be  repelled  l>y  it.  In 
carrying  a  lantern  through  the  fields  at  night,  an  occasional  specimen  flew  against 
tbe  glass,  often,  as  it  seemed  to  me,  in  anger.  Hnltitndes,  disturbed  by  the  light, 
flew  up  at  my  approach  and  vanished  in  the  darkness  overhead.  8o  wary  do  they 
become  when  a  strong  light  falls  upon  them  that  observations  of  their  habits  by  night 
an  rendered  exceedingly  difflonlt,  and  I  nevrr  once  succeeded  in  watching  closely  a 
moth  in  the  act  of  laying  bereggs.  Late  in  the  season,  when  themothsroamfarond 
wide  in  eearch  of  fmlt,  many  fly  Into  lighted  rooms  through  the  open  windows,  show- 
ing that  for  certain  indlvidaals  light  has  some  attraotion. 
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I  believe  alM>  that  a  broad  gloi 
than  the  concont — '-'  "-*-'  -'-  '- 
iDgend  of  a  ciet._. 

That  the  motbH  are  exceedingly  fond  of  fruit,  is  a  fact  too  well  known  to  ter)Bin 
iternttoD.  Ifonnd  them  clnsterina  upon  fige.peaohea,  and  eapMtaU.VQiHtnpenimmons, 
which  attract  them  tiom  great  distances. 

KXPBRIMEKTB  WITH  POIBOKB. 

PjrretAmm.— Samples  of  the  powder  sent  me  by  the  Commisaion  were  of  two  sort*, 
unco's  Califomian  Bubach  and  an  imported  product.  To  teat  their  relAtive  atrength, 
aixtyCotton  Worms  were  collected  and  divided  into  two  IiAb,  h«  equally  as  poaaiblo,  so 
tluLt  neitber  set  sliould  contain  an  undue  proportion  of  old  or  of  yonng  wormi.  Each 
eet  was  placed  in  a  Uii«on  jar,  and  ttiorouglily  dustod  with  a  small  qnantity  of 
powder,  cue  Jar  with  tba  Buhach,  the  ottierwitb  the  imported  pyTetbruiiL  The 
worms  were  immediately  afterwards  tnmed  out  upon  uewspapeTS  spread  upon  tbr 
KTonnd.  Those  dusted  with  Buhach  were  paralysed  and  unable  to  crawl  about  iu 
mim  15  to  20  minutes.  Those  treated  with  imported  pyrethrum  were  aimilarJy 
affected  iu  from  25  to  30  miuntea.  In  both  lots  the  worms  began  to  be  affeeted  in  leu 
than  one  minute,  and  nearly  all  died  within  12  hours.  Another  experiment  was  made 
apon  one  hnndred  worms  of  all  sizes,  in  which  the  powder  (imported)  was  applied  iu 
the  open  air  by  means  of  a  bellows.  Worms  one-fifth  to  one-third  grown  were  com- 
pletely paralyzed  in  10  minntea;  worms  one-katf  grown  in  30  to  &  minntea;  fuU- 
Cwn  worma  showed  the  full  eSeot  of  the  poison  after  several  hours.  In  abont  three 
Ira  the  smaller  worms  appeared  to  be  dead.  The  oldest  worms  did  not  die  before 
night.  Experimenta  were  made  in  the  field  npon  Aletta  larvee,  uaing  very  amall 
quantitiea  of  pjretlirara  powder.  A  few  particles  dropped  with  the  fingers  npon 
worms  ftom  half  to  full  grown  produced  convulsions  in  ^m  3  to  10  minntes.  Ttae 
action  of  the  poison  is  mucli  more  powerful  upon  young  than  upon  old  worma,  liul 
depends  in  each  case  less  upon  the  amount  of  powder  nwd  than  upon  the  part  of  tba 
l)ody  it  first  touclies  or  (he  method  of  applying  it.  Very  small  particles  placed  upM 
the  sides  of  the  larv»,  especially  near  the  anterior  spiracles,  produce  a  more  marfeed 
effect  than  larger  quantities  dropped  upon  their  backs  or  lodged  among  the  bain. 
The  effect  ia  also  enhanced  by  driving  the  powder  with  force  against  thera.  by  means 
of  a  bellowB,  for  example,  as  the  pnrtioles  are  thns  driven  into  closer  contact.  Tbe 
effect  of  Califomian  Buhach  (pyrethrum)  powder  npon  young  Alet.ia  larvie  ia  ahowii 
in  the  following  experiments,  the  object  being  to  ascertain  the  minimum  qnantity 
that  could  be  naed  with  effect : 

All  tbe  larvEo  were  hatched  last  night  (August  tO),  rh>m  egsa  laid  in  breeding  JardD^ 
ing  theuigbt  of  August  7  (except  larva  [»],  which  was  only  a  few  honrs  from  the 

(a)  Three    mlnnte  ftagments  of  pyrethmm  laid  upon  back  (terminal  half  "t 
lM>dy)with  tbepoiutof  anecdle:  larva  affected  In  15  aeoonds ;  convulsed  ia  1 
minute  and  15  seconds.     Died  in  p.  m. 
{b)  One  minute  fragment  applied  on  back  (anterior  segments) :  fragment  dropped 
off  in  3  minutes ;  probably  only  adhered  to  haita  of  body  3i  minutes ;  iarsa 
appeared  affected  but  slightly  j  after  three  honia  larva  appears  to  have  re- 
covered.    P.  m.,  went  toeatiig  andfnllyrecovereil.     This  is  a  very  vigorous 
larva,  pirubably  several  hours  older  than  the  rest.     (Angnst  IStb ;  baa  grown 
larger,  and  eating  well.) 
<o)  One  almoat  microscopic   fraRment    applied,  with    needle  point,  to  side  nesf 
apiracles ;  evidently  afiect^  in  15  aeconda ;  convulsed  in  1^  miDutea.    Frag- 
ment adhered  one  minut«^     Larva  died  in  p.  ra.  *  , 
<(()  One  very  minute  fragment  (almost   microscopic  fragment)  applied  oa  ''■*'. ". 
body  near  middle.     Larva  lost  sight  of  during  4  minutes,  at  end  of   WDlca 
time  waa  entirelyconvulsed.     Died  in  p.  m. 
<e)  Several  (3  or  4)  smal]  fragments  applied  on  aide  of  body :  aBeoted  in  30  secoudsi 

coDvuIaed  after  2  minutes  15  seconds.  Died  in  p.  m. 
</)  One  minute  ft'agment  on  middle  of  back  :  affected  in  1  minute  15  aecouds;  con- 
vulsed in  3  minutes;  fragment  dropped  offinS  minutes.  Four  o'clock  p.  ijlv' 
larva  recovering ;  later,  went  to  eatingj  entirely  restored.  (Aug.  12,  alive  ain 
weU.l 
^g)  One  micro»copic  fragment  on  back  at  anal  extremity  of  body  and  veryso»° 
lost  off  [20  seconds  I).  Seemed  affected  after  5  minutes  ;  examined  alter  " 
hours,  seema  not  injured.'   In  p.  m,.  entirely  well  {see  (j^')].  , 

<A)  Que  large  fragment  (sizeof  "blowQy"  egg)  applied  for  5  or  6  aeconda  to  side  U 
body,  near  or  upon  apiracles:  affected  in  i  minutea;  convulsed  in  4  ''''.^?,' 
2  hours,  unable  to  move  about;  4.3v  p.  ra.,  still  alive  but  disabled.  D'™  "^ 
fore  night. 
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(i)  Otte  entirely  microsoopic  fragment  applied  to  back  of  ueok :  alfooted  in  1^  min- 
Qtes  ;  coavulsed  in  .1  rainntes :  4.31)  p.  m.,  appears  reaovorlng.     (Angust  13, 
larva  died  tbia  moniiiig). 
(k)  One  eutL[«ly  microscopic  fragment  applied  undemeath  anterior  aegmeata  be< 
tn-oen  legs:  adbered  only  a  few  seconds;  appears  ttSteted  after  16 mia~''" 
but  able  to  move  about.    4.30  p.  m.,  recoTeriog and  eating;  Uter,  fallyn 
ert!(l.     (August  12,  alive  and  well.) 
iVoic— La rvte  (0  (»)  and  («)  were  treated  as  follows :  A  small  quantity  of  pyre- 
thrtim  placed  ou  a  piece  of  paper  was  lightly  sprayed  with  an  atomizer,  and 
allowed  to  remaiu  coveted  with  drops  of  moisture  for  about  10  mioutefl.     The 
larviS  were  tbeu  touched  with  a  needle  dipped  in  this  poisoned  dew. 
{I)  A  single,  very  slight,  and  probabW  insnfBcient  applicatiou  beneath  anterior  seg- 
ments :  no  moisture  adhered  t«  larva  ;  affected  after  1  minute  15  seconds  ;  1 
hour  later,  appears  torpid  but  not  convulsed.    4  p.  m.,  recovered  and  eating. 
(August  12,  alive  and  well.) 
(ih)  Touched  with  poisoued  dew  about  anterior  segments,  and  moisture  left  npon 
the  back  of  the  segments;  more  thoroughly  applied  than  in   preceding  larva; 
affected  in  45  seconds  ;  convulsed  in  S  minntes.     4.30  p.m.,    recovered.     (Au- 
gust 12,  alive  and  well.) 
(n)  A  very  youns  larva,  probably  hatched  late  this  morning,  was  allowed  to  cmwl 
along  needle  and  over  a  drop  of  poisoned  dew  :  instantly  affected ;  convulsed 
in  15  seconds.     Died  in  p,  m. 
{//')  Second  experiment  with  larva  (if)  made  in  p.  m.    One  Arujimeut,  size  of  blowfly 
egg,  laid  on  back,  middle  of  body,  not  touching  the  skin,  bat  adhering  to  hairs; 
dropped  off  in  30  seconds ;  evidently  affected  in  458econds  ;  completely  con- 
vulsed in  3  minutes.     Died  in  a  few  boars. 
Pyrethrum  powder  was  blown  with  a  bellows  apou  Aletia  moths  clastering  upon 
ripe  tigs  at  nigbt.     The  moths  wereevideutly  affected,  butflewaway  inafew  minatee. 
Ko  fresh  mo Cbs  alighted  upon  fruit   thns  dasted,  bat  as  the  powder  rapidly  loiies  its 
-  strength  when  exposed  to  the  air,  the  protection  afforded  by  it  to  fruit  probably  laata 
only  a  few  hours,  and  it  oaaoot  therefore  be  recommended  for  this  pnrpoee. 

Tried  upon  different  insects,  it  appears  to  affect  the  higher  Hymonopteramorethan 
other  insect*.  Ants  are  ai most  instantly  affected.  Wasps  continue  feeding  for  about 
twenty  seconds,  and  are  violently  affected  in  from  one  to  two  minutes.  Larv»  of  all 
kinds  aro  more  qnickly  affected  than  imagos.  Termites,  owing  probably  t«  their 
tender  bodies,  are  instantly  affected  and  soon  killed.  Spiders  resist  longer  than 
anything  else.  They  sometimes  change  their  skins  when  dusted  withjttte  powder. 
iJoprii  and  Fkauaia  are  slightly  affected,  and  long  resist  the  action  of  the  powder. 
Scolopeadridat  affected  similarly  to  spiders.  Bugs  slightly  affected,  especially  the 
large  and  heavily  armed  predaceous  species.  Large  grasshoppers  slightly  affected. 
Roaches  very  violently  affected.  Tiiese  observations  refer  to  the  immediate  action 
of  the  dry  and  undiluted  powder,  and  are  comparative  only.  There  is  no  doubt  ths.t 
insects  often  recover  from  slight  applications. 

Experiments  ia  the  Geld,  with  the  dry  powder  siiled  upon  the  plants,  gave  very  un- 
Batisfitctory  results,  unless  large  quantities  of  the  powder  were  used.  On  August  '28, 
a  very  windy  day,  I  tried  an  applicatiou  with  the  bellows,  allowing  the  wiud  to  carry 
I  bo  ponder  in  fine  clouds  through  the  foliage,  and  using  about  one  pound  to  the  acre. 
In  this  way,  owing  partly  to  the  impossibitily  of  securing  an  eqnai  distribution, 
some  worms  were  affected  at  a  distance  of  ten  or  fifteen  feet,  while  othei^  much  nearer, 
were  not  affected  at  all.  I  have  reason  to  U'llevo  that  very  few  worms  were  kille*! 
outright  at  this  trial.  Some  recovered  in  a  few  hours.  A  number  of  tboee  which 
showed  signs  of  pain,  but  h.til  been  very  lightly  dusted,  I  confined  in  vivaria,  and  all 
completed  their  transformation  in  the  usual  time.  At  the  time  the  fiAegoing  e:cperi- 
ment  was  made,  the  leaves  were  quite  wet  with  recent  rain,  and  another  heavy  shower 
occurred  later  in  the  day. 

lufnsions  made  by  pouring  hot  (not  boiling)  water  upon  the  powder  were  foond  in- 
effective and  quite  worthless. 
With  a  strong  extract  I  have ' 

upon  the  powder,  extracts  a  Buf  _^ , ___ 

when  used  with  an  atomizer,  bnt  ia  too  oxpcDHive  for  use  on  a  large  scale. 

London  purple. — Several  experiments  were  tried  in  which  small  quantities  of  this 
powder  were  dusted  upon  the  plants  without  diluents.  Whenever  a  quantity  was 
naed  snfBoient  to  kill  the  worms  the  leaves  were  badly  scorched. 

Poiioniitg  the  moth». — At  a  time  when  the  moths  swarmed  at  night  about  the  fallen 
frnlt  under  persimmon  trees  in  the  fields,  1  poisoned  the  fruit  with  London  purple,  and 
also  with  white  arsenic.  In  this  way  many  moths  were  nndonbtedly  killed,  hut  a& 
□  nmbers  of  them  flew  away  to  die,  the  exact  proportion  could  not  lie  ascertained. 
Under  nettings  covering  cotton  plants,  moths  were  readily  killed  by  giving  them  poi- 
soned IVnit.  They  do  not  appear  to  dislike  the  fruit  even  when  mixed  with  an  excess 
of  London  purple  or  arsenic,  and  settle  quite  as  readily  npoii  the  poisoned  as  upon 


,Goot^lc 


[16]       BEPOBT   4,   UNITED    STATES   ENTOMOLOQICAL   COMMlSSIUIf. 

the  aapoiaoned  fmit.  By  poisouing  the  neatsr  glanda  moths  were  killed  aDdei  net- 
tinga.  but  the  result  was  nut  as  satisfactory  KB  with  poiaoned  fmit.  AlthODgh  I  do 
not  think  mach  praotical  beoelit  can  be  Becni'ed  by  attempt  a  to  kill  (he  motba  lale  in 
the  aessoD,  yet,  in  view  of  ita  cheapneaa  and  eS^tiveneaa,  baiting  them  with  poisoued 
&Dit  aeema  preferable  to  any  device  In  which  lamps  ai«  used.  Whether  or  not  the 
moths  of  the  early  brood  can  be  destroyed  by  poisoaiog  diafaea  of  frair>  *e  foreiui- 
pie  dried  applea  soaked,  and  exposed  in  the  fields,  I  am  not  prepared  to  say,  but  I 
think  it  more  likely  to  encceed  than  any  of  the  lamp  traps  tnat  have  been  recom- 
mended. 

Yeait. — The  results  of  eiperimente  with  yeast  are :  (1)  in  the  field,  yeast  sprayed 
with  an  atomizer  upon  feeding  larvie,  and  sprinkled  upon  the  leaves  with  a  bnuh, 
had  no  effect  during  eitlier  dry  or  wet  weather;  (2)  yeast  poured  npon  pnp»  in  their 
webs,  no  effect,  the  moths  subsequeatly  disclosed ;  (3)  in  a  very  foal  tin  box  in  which 
frass,  ^c,  bad  been  allowed  to  nccumulate,  the  worms  neglected  and  in  nnhealtby 
condition,  eleven  cateTpillaiB  two-thirds  grown  were  sprayed  Angust  18  with  yeiM 
diluted  with  water  to  the  thickness  of  milk ;  the  diseased  condition  of  the  worma  vai 
immediately  aggiavaled.  Two  died  in  twelve  honra  ;  August  20,  three  more  had  died; 
Auenst  31,  five  worms  alive,  all  unhealthy,  bntone  webbing  up;  all  finally  died;  (4) 
a  tin  box  coulaining  healthy  lorvs,  raised  from  the  efcgs,  and  ten  days  old,  was  thor- 
oughly sprayed  three  or  four  days  in  succeasion,  but  box  kept  clean,  fresh  food  and 
air  supplied  every  day.  All  completed  their  metamorphoses,  unaffected  by  the  yeast: 
(5)  three  k1b»h  jars  uud  wveral  tin  and  wooden  boxeq  containing  healthy  larva  uid 
pupfe  of  AluMa  sprayed  several  times  in  succession,  without  any  elfect. 

Early  in  the  season  it  was  my  habit  to  freshen  the  air  and  contents  of  my  breedinj; 
cages  daily  with  pure  water  sprayed  in  by  an  atomizer.  Late  in  August  I  found  malljr 
of  luy  boxes  iufected  so  that  the  contained  insects  died,  or  the  contents  became  moldy 
after  spraying  with  water,  and  I  was  obliged  to  abandon  this  practice.  At  this  time, 
if  yeast  and  water  were  used,  the  effect  was  simply  to  hasten  the  appearance  of  mold 
and  the  diseases  of  the  insects  confined  in  close  uoxes. 

THE  BOLL  WORM  {HtliotMt  omtijMra)  BUbn. 

I  have  ofYen  heard  the  statement  made  by  planters  tbat  the  Boll  Worm  did  tbeiD 
more  injury  than  the  Cotton  Worm  (Aletia).  I  think,  however,  the  amonot  of  iuinri 
done  is  frequently  exaggerated,  the  dropping  of  the  squares  and  young  boils  ucrn 
many  canses  being  often  attributed  to  the  attacks  of  Heliotbis.  During  my  season's 
work  I  nowhere  iSuiid  it  abundant,  althouaih  everywbote  present.  The  life  historj' 
of  Heliotbis  having  been  thoronghly  stadieiT  by  Professor  Riley  and  others,  I  did  not 
give  very  much  time  to  it.  I  found,  however,  that  the  eggs  are  laid  singly,  more  often 
upon  the  leaf  than  npon  the  involucres  of  the  flowers.  They  hatch  in  three  to  fonr 
days.  T.he  young  worms  feed  at  first  upon  the  leaves,  then  upon  petals  of  fioireii, 
and  finally  upon  the  bolls.  I,  however,  found  comparatively  few  eating  entirely  into 
large  bolls,  and  believe  the  worm  sometimes  eats  only  leaves  anil  Hower  petals  thro  agl>' 
out  its  life.  As  before  notod,  they  frequently  devour  the  pupa  of  Aletia.  In  contiDe- 
ment  the  larval  period  lasted  about  twenty  days,  and  the  pupa  twelve  days. 

The  only  parasites  are  Trickogramma  vretiota  and  a  Tauhiuid  fty  which  also  ptej? 
upon  Aletia  and  has  already  been  noticed. 
Very  reapecfully, 

H.  G.  HUBBAKD. 

Prof.  C.  V.  EiLET.     •  ^ 


i.Goot^lc 


APPENDIX    II. 


EBPOET  OF  PBOF.  B.  W.  JONES. 

Oxford,  Noremler  37,  1S80. 

Sir  :  I  herewith  miul  to  joa  a,  brief  report  of  work  done  b;  mc  and  under  my  diieo- 
lion  according  to  authority  from  you. 

I  had  the  valuable  assifltance  of  Prof.  J.  W.  Kilpatrick,  A.  M.,  now  of  Central  Col- 
lenre,  Mo.,  during  Angnst. 

In  gatheriDK  material  and  handling  it  for  making  the  large  number  of  eitructa,  in- 
fnaions,  and  deooctiona,  which  I  tried  here,  and  many  of  which  I  shipppd,  on  your 
order,  to  Selma,  Ala.,  to  be  uaed  by  yourself  and  Mr.  S<:hwarz,  I  had  the  co-oiieratiou 
of  Mesara.  F.  8.  Chew  and  B.  W.  Jonea,  Jr.,  both  aCudenta  of  the  university. 

Accept  my  acknowledgments  for  yow  noiform  courtesy  in  out  correspondence  and 
work,  and  be  aaanred  of  my  high  appreciation  of  the  valuable  aarvioee  you  are  ren- 
deringto  the  oott«u  intereata  of  the  Soathern  States. 
Very  iwipeotfnlly,  &,e., 


Prof.  C.  V.  KiLBT,  U.  A.,  PH.D., 

CAV  U*iitd  Skitet  EnUmoloffiaal  CmnUstim. 


B.  W.  JONES, 
Vnivfriity  of  Mitiistippi. 


FBE  COTTON  BOU.  WORN. 
(Seliolhii  armigera.) 

This  worm  ia  fai  more  injurious  to  cotton  in  thia  port  of  HiaRiasippi  than  the  Cot- 
ton Army  Worm  or  any  other  insect  pest.  I  believe  the  cnltivat«ru  of  cotton  are  by 
DO  meana  aware  of  its  devastating  power.  It  begins  ita  work  hero  in  Hay,  Bometimea 
in  June,  and  continues  nntil  about  the  end  of  September,  Its  mode  of  work,  and  the 
great  Toriety  of  its  plan t-fooiji  give  it  marked  advantages  in  the  stnigKie  for  li^  and 
in  muItiplylnK.  It  is  well  known  to  all  atndeutaof  thia  subject  that  the  moth  of  the 
Cotton  Army  Worm  (AUtia  xpUna),  in  viaiting  a  Held  of  cotton,  begina  at  a  selected  spot 
that  affbrds  moistare  and  t«nder,  juicy  plants,  naA  lays  it4,e|if;a  within  quite  a  limited 
area,  M  that  the  worms,  as  soon  as  hatching  begins,  are  there  in  couHiderable  numbers. 
Thia  loot  makes  it  comparatively  easy  niul  inexpensive  tn  ap]>ly  insect  poisons  for 
Aletia  larvie. 

Bat  the  moth  of  Heliothis  lays  its  eggs  over  a  much  wider  urea ;  the  young  worms 
are  scattered  more  sparsely  on  thecotlJ>ii,  and  therefore  it  is  more  costly  and  laboiioiu 
to  poison  them.  Moreover,  during  much  of  the  time,  these  larvie  of  Heliotbia  aie  hid- 
den wholly  or  partially  in  the  bolla  into  which  they  cut  theinray.  It  )a  difficult,  there- 
fore, to  affect  tbem  by  meana  of  those  poisons  which  must  be  nrojeotod  upon  the  food  of 
insects,  and  l>e  devoured  by  them,  in  order  to  their  destruction  ;  and,  no  matter  wbat 
kind  of  poison  might  be  employed,  a  much  larger  quantity  would  be  needed  to  reach 
the  scattered  BollWarms  than  the  same  number  ot  Aletia  feeding  close  together. 

It  is  not  to  be  inferred  that  the  damage  in  a  Held  ia  small  because  the  worms  are 
scattered.  The  amount  of  damage  dune  by  a  single  worm  ia  astonishing.  I  have 
counted  19  young  bolls,  shriveling,  decayiuR,  and  falling  or  fallen,  besides  many 
blooms  and  unopened  flower-bnda  pieroed;  all  tbo  work  of  one  Boll  Worm  and  that 

I  gave  partioalar  altontion  to  two  fields  near  Oxford  this  summer.  I  think  the 
damage  by  the  Boll  Worm  amounted  to  25  per  cent,  of  the  crop.  I  visited  a  Held  with 
Judce  Lawrence  C.  Johnson,  of  Hollv  Springs.  Judge  Johnson  estimated  the  loss  by 
Heliothis  to  be  30  per  oent. ;  I  thonghC  his  estimate  a  very  moderate  ouc. 

(^od-plaato.— Besides  cotton,  this  w'oim  feedeon  yonug  com  plants,  tender  silks  and 
grains  of  ears  of  com,  peas,  beans,  tomatoes,  and  okra.  They  may  also  feed  on  other 
plants  on  which  I  have  not  found  them. 

TlieM  worms  are  specially  fond  of  tfae  blades  and  tender  stemaof  young  com  plants 
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sud  uf  the  bilkn  and  gcains  of  the  xrowiiig  earR.  The  presence  of  tlie  n-orm  on  yonii); 
<wm  plants  ia  indicated  b;  ronud  holes  cut  in  the  blades,  and  the  worm  aud  its  excri'- 
tueiii  may  qkuoIIv  be  found  in  the  sheath.  There  is  generally  do  uxtorual  evidenrc 
of  the  worui  on  the  ear;  it  eats  the  silk  and  tender  tcraine  at  the  distal  end,  and  asii 
consnm^s  the  jainy  grains  it  lies  in  the  cavity  thereby  made,  the  excrement  remajn- 
ing  behind  it  and  between  the  busk  and  cob.  In  order. to  find  the  com  ■vrorm(_Htlia- 
iUa  armigera)  on  the  oar,  it  in,  therefore,  necessary  to  open  the  hnsk.  I  have  fonnd 
the  worm  grows  more  rapidlj'  when  it  feeds  on  com  grains  than  on  any  other  food, 
though  the  nize  of  the  worm  at  luaturity  is  no  larger,  and  I  conid  not  discover  that 
the  moth  raised  from  the  corn  worm  diSerod  from  other  Heliotbis  niotha  more  than 
those  raised  on  cotton  differed  from  each  other.  After  these  general  remarks  I  will 
give  the  liiBtory  of  Heliotbis  ss  it  was  developed  by  my  studies.  It  is  proper  to  i>^ 
mark  that  my  systematic  work  began  abont  the  middle  of  July,  and  even  then  m; 
Btt«ntion  was  for  some  time  mainly  directed  to  the  preparation  of  vegetable  extracts, 
infosions,  and  decoctions,  in  the  hope  of  finding  some  plant  or  plants  indigenous  to 
this  locality  that  poeseased  insecticide  and  insectifuge  properties. 

The  egg. — It  was  very  difBcnIt  to  find  the  eggs.  I  never  fonnd,  with  the  most  csre- 
fnl  search,  more  than  two  or  three  on  a  plant ;  sometimes  not  an  egg  on-a  plant. 

The  egg  is  white,  clear  while,  with  sometimes  a  yellowish  or  brownish  coloration 
at  the  apes.  It  is  fastened  to  the  part  of  the  plant  on  which  it  is  deposited,  veiy- 
mneh  ss  the  egK  of  Aletia,  by  a  gum.  It  is  a  little  larger  than  the  egg  of  the  Cotton 
Worm  Uoth  (Aletia),  and  scnlptured  very  mnch  in  the  same  way. 

1  foiind  tb^m  on  the  involucre  of  the  Qower  or  young  boll,  on  the  pedicel  or  flower 
stem.  Dear  the  toras  or  receptacle,  on  leaves  and  on  petioles  or  leaf  stems.  In  the  hot 
weather  of  July  and  Angust,  the  larger  nnrober  of  eggs  was  found  on  tbe  under  side 
of  the  thiokest,  darkest  leaves.  Tbe  duration  of  the  egg  state  ia  teova  three  to  fivu 
days. 

The  larva. — The  larva  batches  and  at  first  feeds  on  the  tender  parenchyma  of  io- 
Tolncre  or  leaf,  and  makes  its  way  as  qnickly  as  possible  to  a  flower  or  yuaug  boll. 

In  July  and  August  tbe  large  majority  of  young  Beliothis  larvee  wem  found  within 
the  corolla,  eating  sometimes  the  essential  elements  of  the  flower  and  aometimM  the 
petals.  They  seemed  to  be  specially  fond  of  these  floral  parts.  While  on  the  bads  of 
flonets  feeding  they  were  (juict,  but  if  seen  on  tbe  leaf  or  stem  they  exhibited  siguH 
of  restlessness  and  moved'from  point  to  point.  Every  flower  bud  and  every  flower 
attaeked  by  them  fails  to  produce  fruit.  The  worm,  when  small,  moves  with  great 
ease  and  with  comparative  rapidity,  "  looping"  as  it  goes.  As  it  grows  larger  its 
movements  ore  less  easy,  and  it  is  more  liable,  when  disturbed,  to  fall  from  the  plant. 
When  a  few  (lays  old,  if  holla  are  on  the  cotton,  it  attacks  these,  seeming  at  first  to 
prefer  the  small,  tender  bolls  and  afterwards  tbe  large  ones.  It  bit«s  off  the  ontsiile 
slick,  bard  covering  snfBcient  for  a  bole,  allowing  the  entrance  of  the  worm,  and 
'  thrreafterit  feeds  on  tbe  jilit'esaud  seeds  and  cotton  in  tbe  interior  of  the  boll.  Some- 
titues  it  cnts  ofl'  a  part  of  the  ontaide  of  the  bol!  in  one,  two,  or  three  places  without 
entering  tbe  interior,  but  this  always  insures  the  fstllug  or  rShing  of  the  boll ;  the 
bit«  of  tbe  worm  geema  to  be  poisonous  to  buds,  flowers,  and  bolls.  The  hole  iu  the 
boll  is  often  made  between  the  boll  and  the  calyx,  so  that  the  worm  ia  concealed 
while  at  the  work  of  jierl'oration,  though  this  is  not  always  the  case. 

If  a  worm  feed  nu  a  lareo  boll  and  theoxcrement  oQ  the  Go]  1  bo  exposed  to  laius, 
the  coloring  matter  niil  l>e  washed  away  and  the  fibers  of  cotton  can  be  seen  dis- 
tinctly. I  observed  this  for  the  first  time  on  September  14;  during  the  few  da.rs 
following  belbre  the  uisapnearauce  of  Heliotbis,  I  saw  numerous  inirtanoes  of  it.  The 
cellulose  was  unchanged  by  passing  through  the  worm.  In  September  I  saw  Hello- 
thlij  feeding  ou  cotton  leaf  in  a  fleTd  of  cotton  in  which  Aletia  was  abundant  and 
where  whole  leaves  were  very  rare ;  a  good  proportiim  of  bolls  was  yet  unopened. 

I  observed  Heliotbis  on  com  and  on  cotton  at  the  same  time  and  iu  different  parts 
of  the  Bsme  field.  The  number  of  Heliotbis  did  not  seem  to  Increase  on  cotton  after 
tbe  com  was  matured. 

Boll  Worms  eat  each  other.  I  have  seen  the  statement  that  if  two  or  more  Boll 
Worms  are  started  iu  a  single  package,  even  with  a  full  supply  of  appropriate  food, 
only  one  reaches  Iho  dcstinutiou,  and  that  if  more  than  one  larva  is  confined  in  a 
breeding  cage  one  invariably  devours  the  otbera.  The  latter  statement  I  am  prepared 
to  contradict ;  repeate<lly  during  the  summer  I  had  as  many  as  three  moths  to  iittue 
about  the  santo  time  in  Ibc  same  Jar. 

Boll  Worms  eat  the  chrjsalids  of  Cotton  Worms.  I  have  seen  them  in  the  act,  bat 
I  have  never  ticen  the  larva  of  Heliotbis  eating  tbe  larva  of  Aletia. 

The  color  of  the  Boll  Worm  varies  greatly  j  when  young  it  is  slender  and  green,  hs»- 
ing  u  num)>er  of  yellow  and  white  bands  and  lines  running  longitudinally  from  the 
back  of  the  head  to  tbe  anal  extromity ;  rarely  tbusu  larv*  retain  tbe  grei'ii  '"o'er 
thronghout  the  larva  state,  bnt  generally  the  color  changes,  as  tbe  worm  giows,  to 
yellowish  or  brown.  Iho  longitudinal  lines  and  bands  remaining;  euchsegiucutofth" 
hotly  beam  eight  black  spot^  ftom  each  of  which  projects  a  stiff  bristle.     Ou  the  ikk- 
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raent  these  black  spota  ine  arranged  in  two  rowa;  tbe  spots  of  tbe  (rout  row  are 
closer  together  on  tne  back;  those  of  the  rear  row  extend  down  farther  on  the  side. 

Duration  of  the  larva  state  from  fifteen  to  twenty  days. 

Ckrutalia. — The  larva  bores  into  the  ^roand  to  asenme  the  pnpa  state.  In  ray  breed- 
ing Jare  they  went  down  two  or  throe  inches,  the  tube  being  oblique  and  open  except 
a  vers  slight  covering  at  the  top  and  some  of  them  leaving  the  entrance  uncovered. 

I  deem  it  unnecessary  t«  give  a  deacriptioo  of  the  chrysalis,  as  you  doubtless  will 
do  so  from  specimenB  at  hand  which  you  will  accompany  with  accurate  drawings. 

The  fact  that  tbe  chrysalis  of  the  Boll  Wonn  is  under  ground  will  prevent  any  one 
Irnm  confounding  it  with  the  chrysalis  of  the  Cotton  Worm. 

On  the  Boll  Worm  chrysalis  there  is  much  more  of  a  yellowish  cast  and  more  luster. 
The  time  dnring  which  the  pupae  remained  in  ground  ranged  from  eleven  to  sixteen 
days. 

The  vrhole  time,  therefore,  elapsing  between  the  laying  of  the  egg  and  tbe  appear- 
ance of  the  moth  from  it  is  from  thirty  to  forty  days. 

TAemotik.— The  habits  are  very  mnon  like  the  moth  of  Aletia ;  it  is  larger,  nieasnr- 
iug  as  much  as  If  inches  across  the  wings,  and  the  'larg<^st  being  ||  ioch  long.  It 
begins  to  fly  soon  after  sunset.     I  have  watched  it  a  great  deal,  bat  c  '   ~ 


any  flowers  or  leaves  except  those  of  cotton.     It  would  often  alight  in  thesrass.     It 

'""' ""-  ""-star  of  cotton.    I  put  out  lights  in  the  cotton  during  part  of  tbesnm- 

e  attiaoteit  and  killed,  but  the  sucoeM  was  not  siicb  as  I  expeoled. 


feeds  on  the  uectar  of  cotton.    I  pat  ont  lights  in  the  cotton  during  part  o: 
nier;  some  were  attiaoteit  and  killed,  but  the  sucoeM  was  not  siicb  as  I  ex^ 

I  have  not  seen  the  moth  of  Heliothia  since  the  cold  rainy  wenther  about  the  last  ol 
September.  The  thermometer  early  in  the  morning  for  several  days  was  down  to  40<^ 
Fahrenheit. 

I  have  searched  diligently  withont  finding  one. 

Wfatier. — Warm, damp  weather  favors  the  multiplication  of  Heliothia.  In  dry 
weutber,  when  it  was  very  warm,  I  have  seen  the  worm  dead  on  tbe  bolls  withont 
having  apparently  suffered  any  violence ;  the  oiroumstaoces  were  such  that  I  inferred 
It  died  of  beat  and  lack  of  moisture. 

The  larvai  of  Heliotbis  are  very  <jnick1y  affected  by  cold  rains.  During  tbe  rains 
previously  referred  to,  occurring  at  intervals  from  September  10  to  30,  though  the  tem- 
peratnre  wan  by  no  means  low  enough  for  frost,  I  found  larvte  of  Heliotbis  in  the  bolts 
m  a  state  of  torpor,  and  in  some  instances  they  were  dead.  They  are  very  sensitive 
to  cool  rains.  In  many  cabcs  throughout  the  season  I  found  bolls  which  had  been 
piereetl  more  or  less  by  Boll  Worms,  occupied  by  whito  footless  gniba  of  a  fly.  Tbe 
fly  deposits  its  egg  iutno  decaying  contents  of  the  boll  that  baa  been  abandoned  by 
the  worm.  These  eggs  batch  and  the  maggots  feed  ou  tbe  putrefying  matter,  I  have 
seen  some  persons  who  supposed  that  tbe  maggots  cotMsd  the  rotting  of  the  boll  and 
that  the  fly  injured  the  boil  in  ovipoeition.  i'his  cannot  l>e  true.  The  boll  rots  be- 
cause of  the  injury  from  the  Boll  Worm,  and  the  decaying  boll  invites  the  fly. 

Natural  mmiia. — These  (so  far  as  1  have  been  able  to  ascertain)  are  the  same  aa 
tbiiee  mentioned  in  vour  BuUetiu  No,  3,  which  attack  Aletia. 

I  have  observed  theToUowing  enemies: 

Birds:  Swallows,  Bee  Martin,  King  Bird,  Bluebird. 

Insects:  Spiders,  larvai  of  Latly  Bird,  JcaRtAoospAalii /emorara,  Wheel  Bog,  Soldier 
Bug,  Ti|;er  Beetle.     Bats  catch  many  moths. 

Parasites :  In  the  latter  part  of  tbe  season  a'  great  many  larvEo  of  Ruliothis  and 
AJetia  bore  a  wbite  egg,  which  was  fonnd  to  be  that  of  a  Tacbina.  In  some  in- 
atauces  the  motbs  batched  out  notnithstanding  tbe  egg  of  tbe  parasite.  In  other 
cases  the  chrysalis  was  destroyed  by  the  erub ;  the  latter  was  generally  the  case. 

Sometimes  as  many  as  five  eggs  of  Tachina  would  be  found  on  one  larva  of  Helio- 
tbis or  Aletia— more  generally  ou  Aletia  than  Heliotbis.  This  Tacllin&  must  be  au 
exceedingly  formidable  enemy  of  both  Aletia  and  Heliotbis. 

Much  has  been  said  of  the  destruction  of  Heliotbis  by  Ants.  I  baye  never  seen 
Ants  eating  them  in  auy  slate  until  they  had  l>eeu  killed  or  injured  by  some  oth>r 
agent  or  had  died,  except  when  the  worms  were  confined  in  jars;  even  this  was  a  very 
rare  occurrence,  I  thiuk  I  observed  it  but  twice,  and  both  those  instances  were  at 
my  residence ;  no  instauce  occurretl  in  the  laboratory  where  my  work  was  done. 

Before  proceeding  to  give  an  account  of  the  vegetable  preparations  which  I  made 
and  my  experiments  with  them,  I  will  make  a  few  olMcrvatious  on  the 

COTTON  ARMY  WORM. 

(AUOa  xylina.) 

I  will  not  refer  to  any  facts  coming  nuder  my  notice  that  are  contained  in  you 
Bulletin  Ho.  3. 
After  a  protracted  neasou  of  cloudy  days  and  rrequeul  rains  witli  a  warm  wind  from 

the  South,  wefoiiTiilAletin,  Si'ptemberll,  in  a  field  near  here ;  I  be  locality  in  the  field 
v/ns  idcntirallg  Oil:  fiime  an  tb.it  in  which  you  found  Iboiu  Oct<.l«T,  IHTD.  Kv  .m  (Imt 
locality  they  gradually  spread  over  the  greater  part  of  the  fiuld  of  ^U  acrus  in  eottuu. 
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The  number  of  motJiB  from  the  first  brood  of  TCOrmH  was  very  largo ;  tbe;  were  not 
appreoiablj-  diaiiaialiod  by  any  enemies.     The  priuoipal  restiog  plane  by  day  wu  » 

Eart  of  the  field  in  which  the  t^raas  was  think  and  overUpped  the  middle  of  tberovs; 
y  Dight  those  wuDt  over  weilaigh  (ho  whole  field,  depositiiiK  eggs  mostly  on  the  laree, 
lull  grown  leaves  about  one-thii^  the  height  of  the  plaat  from  the  croond.  Of  tD« 
---  -l  brood  of  wornjs  a  large  prupoitiou  bore  eggs  of  the  Tachina fly,  toe  mA^otfrom 

ich  destroyed  ft  great  many  chrysalid  ' -...-.. — ■_..m__¥> 

I  forwarded  to  jou.     Whilst  the  inoths  w 
pans  coDtAiaiiig  poisuned  sweets  as  follows : 

(1)  Molasses  and  vinegar  aud  white  arsenic. 

(3)  Molasses  and  vinegar  and  corrosive  snbliniate. 

(8)  Molasses  and  vinegar  and  potassinm  cyanide. 

(i)  Molasses  and  vinegar  and  copper  sulphate. 

(5)  Molasses  and  vinegar  and  strychnine. 

In  some  cases  1  Hnbstitut«d  for  vinegar  atoohol  and  water. 

I  did  not  succeed  in  destroying  many.  The  fluid  in  the  pan  was  covered  by  ■  per- 
forated top.     In  this  way  the  greatest  efl'eot  was  by  molwaea,  vineg^,  and  white  ar- 

But  I  destroyed  a  larger  number  by  osingopen  pans  contMning  thick  molasses  with 
a  little  vinegaT;  the  moths  were  canght  by  the  molasses. 

I  noticed  Aletia  aioths  on  flowers  of  Solidago  or  golden  ro^  which  blooms  here  io 
September.  1  saw  frequently  the  ohrysalids  of  Autia  enTsloped  in  the  leaves  of 
Uoming  Gloty ;  bat  never  saw  the  larvce  feeding  on  that  plant.  On  October  13  sod 
14  the  weather  began  toerowcnol;  the  wind  blew  from  the  northward;  itwasnotb; 
any  means  cold  enough  ^r  fhnt ;  dnring  this  wind  I  observed  Aletia  inoths  moviog 
southward,  leaving  ^e  cotton  field  and  entering  the  wooded  land  lying  south  of  the 
Aeld.  They  freqnently  alighted  on  the  oak  leaves  and  remained  a  long  time.  Tbe< 
did  not  move  in  numbers  Uigether,  but  singly.     I  saw  no  eggs  depoait«l  on  the  oul 

On  night  of  October  15  a  cold  rain  fell,  and  by  the  afternoon  of  the  16th  the  grest^r 


a  great  degree  benumbed  and  their  movements  mach  impaired,     Larvs  ^ 
itill  on  the  plants ;  they,  too,  were  aflootod  by  the  cold. 
The  three  or  four  days  succeeding  were  somewhat  wamier,  though  the  nights  c 
■'     '--  '   '-■     '-■  * --  ■  .  .        ....  .._    -^ijj- 


tinued  cool,  the  thermometer  being  in  the  early  morning  as  low  as  41°  -.     

moths  showed  themselves  more,  but  not  a  fifth  of  the  number  that  were  in  the  fielil 
prior  to  the  K>th.  Ithiuk  aJargoproportipD  of  Iheae last  issued  from  pupsduringtlie 
warm  days. 

On  October 33  I  visited  the  field  after  a  considerable  frost;  found  the  larvs still 
living,  and  leaving  the  upper  frosted  leavoe  for  lower  ones  that  had  been  ehellere<l; 
mauy  larvie  fell,  and  were  eaten  by  spiders  and  beetles.  I^veral  days  laternjsnv 
worms  and  ohrysalids  foil  and  were  eaten  by  hogs  which  aearohed  the  whole  field.  1 
searched  in  the  grass  and  found  some  moths,  almost  in  a  state  of  torpor,  scarcely  able 
to  move ;  others  had  beeu  devoured,  as  I  knew  from  the  wings  foand  and  &oni  lli« 
partially  consnnied  bodies  of  some.  1  reareil  many  Aletia  larvie  and  kept  uisDj* 
chyraalids  for  transformation. 

One  was  ouly/ce  iayt  a  chiysalia,  becoming  a  moth  on  the  sixth  day. 

TXaKTABLE  PREPABATlOira. 
I  will  now  proceed  to  mention  the  vegetable  preparations  which  I  made  in  the  hope 
of  finding  some  indigenons  plant  possessing  cfiectual  insecticide  propertiea.    In  everf 
case,  I  used  thoplanlBor  parts  of  plant  after  carefully  drying  them  In  the  shade. 
.(1)  Ailanthus  (Tree  of  Paradise):  Made  decoction  three-fourths  pound  leaves  to 
3-1  gallons  water ;  infusion,  1  pound  leaves  to  Hi  gallons  of  water. 

(■Z)  Pokowucd  (Phytolacca) :  Decoction,  6  ounces  leaves  to  1  gallon  water ;  infuBion, 
8  ounces  to  1  gallon  water.  Fokeweed  root :  extract,  3  ounces  dried  root  to  1  gallon 
of  mixture  of  alcohol  and  water  in  equal  parts. 

(3)  Bagwced  (Ambrosia):  Decoction,  1  ponnd  of  stems  and  leaves  to  1  gcUon  water. 
Infusion,  as  above,  8  ounces  to  one-half  gallon  alcohol  and  one-half  g^lon  water 

(4)  Heltniuia  aulumnale :  1  pound  to  3f  gallons  water.    Decoction  and  infdsioD. 

(5)  Selenium  Unui/oliiim :  1  pound  to  2i  gallons  water.    Decoction  and  Infusioa- 

(6)  Pennyroyal:  a  ouncesto  gallonof  akoholand  watormixod.  Extract, 2 pouiiil* 
to  gallon  water.    Decoction  and  iufiiHion. 

(7)  Datura  atranonium  (Jamestown  weed) ;  Seed  dried  and  ground.  8  oonc«s  "• 
<)tiartof  alcohol. 

(8)  Mockorangn{PrniiB«(Mroli»iitiia);  4  ounces  leaves  to  quart  Of  water.    DeoooUon- 
(0)  Yeast  ferment. 

(10)  Buckeye  (/Esenlns)  fmit.     ExtMMt. 
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All  the  furei;oitiK  I  ii^cd  frequently  and  frvely  diluted  with  varying  qnnntitieB  of 
waUr.  None  or  tliem  injured  the  worma,  either  on  dbtton  (HeliothiB  knd  Atetia)  or 
thoae  on  OAbbngo,  rutn  bagas,  &o. 

I  made  a  decoction  of  Cuisa  leaves  and  amall  twigs.  This  I  sprayed  Ireely  on  the 
cutton  pl»ntH,  and  I  think  it  hiul  a  large  effect  in  preventing  the  moths  of  Heliothia 
and  Aletia  from  ovipoeitiQg ;  bat  it  did  not  destroy  the  larvie.  The  alcobolic  extract 
of  the  CbJQA  beniee  and  leaves,  adulterated  with  twice  its  quantity  of  water,  was 
sprayed  on  twelve  Aletia  larvte,  foil  grown.  Mostof  them  fell  to  the  ground,  and /ovr 
died.  This  experiment  was  repeated  several  times,  with  about  the  some  result;  but 
when  the  extract  was  dilated  with  ten  parts  of  wnier  it  failed  to  bring  the  worms  to 
the  ground.  I  conolnded  ftoia  this  fact  that  the  cosl.  of  the  alcohol  would  be  so  great 
na  to  prevent  the  aae  of  this  preparation. 

I  mido  n  deoootion  ot  Bidet  (SambiuMt  canadeyisu),  nsing  the  leaves,  small  twigs,  and 
berries ;  also  an  infiision  of  the  same.  This,  projected  in  spray  on  Aletia,  Heliothia, 
and  on  the  worms  infesting  cabbage,  cansed  tnem  to  cease  eating,  and  in  oeveral  in- 
stances oaosed  them  to  abandon  the  plant,  whether  cotton  or  cnbbago.  It  1b  well 
known  that  In  all  each  cnees  the  cotton  worm  is  much  more  likely  to  be  devoared  by 
predaceone  insects  than  it  ia  to  reascend  the  plant. 

Pyrettmm.— As  an  insecticide  this  is  superior.  Incomparably  saperlot,  to  all  other 
snbatances  with  which  I  have  e:xperimetited.  I  aaed  it  in  powder  diluted  with  wheat 
flour,  and  as  tin  extract  varionsly  dilated  with  water.  The  anccees  attending  m;  ex- 
periments with  this  were  emlDently  gratifying  and  satisfactory. 

It  may  be  proper  to  remark  tliat  1  used  the  pyrethram  (Buhacb)  raised  by  Q.  S. 
Milco,  of  Stockton,  Cal.,  some  sent  me  from  the  headqnnrteni  of  the  U.  S.  Entomo- 
logical Commission  nnder  the  name  of  "  Caucasian  Insect  Powder,"  and  some  which 
I  purchwed of  Hemrs.  Bollock  &  Crenshaw,  Philadelphia,  Pa.,  as  "Paiiiian  Insect 
Powder." 

When  nsed  im  the  state  of  dry  powder,  that  of  Milco  aeemed  to  have  a  considerable 
advnntnge,  bnt  the  others  seemed  to  be  quite  equal  to  it  in  the  power  to  yield  deadly 
extracts. 

Mode  of  preparing  powder :  1  part  of  pyMthmm  to  20  parts  of  wboat-flour,  thor- 
oufrlily  mixed  and  shut  ap  in  a  tight  tin  bos  for  twenty-foor  hours.  *  This  blown  by 
beOowsproved  very  efQcient  in  destroying  Aletia  and  cabbage  worms  which  it  touched. 
It  (lid  not  kiU  squash  bugs,  though  it  drove  them  for  the  time  from  the  plants.  It 
killed  the  Boll  Worms  npon  which  it  was  projected,  biJt  did  not  disturb  those  that 
were  conoenJed  within  the  boUs. 

Extracts:  A.  Made  withcommon (etbyl)alcohol 95 percent.  B.  Madewithmethyl 
alcohol  (woodspiriC). 

Ill  all  my  Qrst  preparations  I  proceeded  as  follows  : 

J  introduced  into  a  glass  flask  about  4  ounces  of  Insect  powder  and  added  about 
half  a  gallon  of  alcohol,  corked  and  allowed  to  stand  for  twenty-four  hours.  I  then 
perforated  the  cork  and  introdnced  a  glass  tube,  one  fourth  of  an  inch  in  diameter 
and  36  inchea  long ;  then  anbjected  the  flank  to  the  well  regulated  heat  of  a  water  bath, 
not  alto  wing  the  temperatnre  to  reach  the  boiling  point  of  alcohol.  I  usually  applied 
this  gentle  beat  for  about  five  boura,  then  set  aside  t-o  cool.  At  first  I  decanted  the 
extract  from  the  residue,  and  before  using,  diluted  with  water,  as  shown  in  the  ex- 
periments mentioned  farther  on.  Subsequently,  I  shook  up  the  solid  residue  of  <he 
insect  powder  with  the  extract  and  diluted  the  whole  witl,  water,  and  in  applyiug 
kept  the  solid  matter  aaspended  by  agitation.  I  fonnd  the  latter  plan  economicar 
The  residae  being  wet  with  atoohol,  readily  spreads  throughout  the  water  and  evi- 
dently adds  something  to  the  valae  of  the  extract. 

I  have  never  seen  any  statement  or  suggestion  in  regard  to  the  use  of  wood  spirit 
as  the  menstrunm.  It  occurred  to  me  to  try  it.  I  found  it  to  be  a  qnioker  solvent 
of  the  essential  oil  and  coloring  matter  of  pyrethram  powder  than  common  95  per 
cent,  alcohol.  I  And  that  1  pint  and  S  ounces  (by  meosnre)  of  wood  spirit  will  ex- 
trivct  all  the  useful  material  out  of  an  ounce  of  pyrethram.  Good  wood  spirits  cau 
be  honght  for  |1.25  per  gallon.  The  extract  mode  with  wood  spirit  will  bear  dilu- 
tion with  a  somewhat  luger  qnanttty  of  water  than  the  extract  made  with  ethyl  al- 

On  this  point  I  state  my  reenlts  thus :  One  pound  pyrethrnm  powder  to  20  pints  (2^ 
gallons)  wood  spirits.  This  can  be  safely  dilated  in  the  earlier  part  of  the  seaaou 
when  the  worms  are  small  with  forty  parts  of  wat«r.  Hence  one  pound  pyrethrum 
and  2i  gallons  methyl  alcohol  will  when  dilated  make  100  gallons  of  liquid  for  the 
destruction  of  insects.  Allowing  40  gallons  to  the  acre,  the  cost  of  this  insecticide 
would  be  (1.50.     With  improved  atomizers  this  will  be  le.-isened. 

Wood  spirit  la  more  volatile  than  ethyl  slcohoL  This,  I  think,  gives  it  considerable 
advantage  over  ethyl  alcohol  as  the  solvent  for  the  essential  oil  of  the  pyrethram, 
when  the  extract  is  to  be  used  for  Boll  Worms  that  are  working  on  the  contents  of 
bolls.  By  its  ready  v.olatilization  it  dlHtribal«H  the  insecticide  rapidly  into  the  adJ^ 
cent  air,  and  when  not  directly  thrown  into  tlio  hole  cut  by  the  BoU  Worm  it  is  oar- 
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rial  into  the  chamber  b;  rapid  diffaaioD,  and,.  sffectinK  the  worro,  canRPK  it  tu  enme 
forth  from  its  cooceulmi'Dt  upon  the  iuoiat«Ded  porta  of  the  plant,  where,  by  the  con- 
tact of  the  liquid, it  is  poiaoned  to  death.  The  extract  made  with  ethyl  alcohol  ia 
alao  volatile  and  proiliicea  this  same  effect,  thongh  in  a  less  degree  to  the  extent  that 
its  volatility  is  less  than  that  of  meth;!  alcohol. 

The  extractive  power  of  methyl  alcohol  on  pyiethram  is  so  great  that  it  is  haTdly 
necessary  to  apply  any  beat ;  the  alcohol  may  be  allowed  to  stand  twenty-fonr  houn 
on  the  powder,  being  shaken  np  a  few  times  and  then  the  whole,  i.  e.,  both  the  ex- 
tract and  the  solid  reaidne,  may  he  mixed  with  water,  bo  as  to  give  100  i^lons  to  (hr 
pound  of  pyrethruDi. 

I  found  that  thense  of  the  liquid  is  mnoh  to  be  preferred  to  the  powder.  Itreacbw 
all  parts  of  the  plant  better ;  it  is  more  eaaily  handled  and  it  klUa  qaiclcer. 

EXFKRIMENT8. 

1.  Sprinkled  powder  on  half  dozen  Heliotbis  tn  cotton  blooms  In  the  field. 

In  a  few  minntea  they  left  the  blooms,  crawled  npon  the  leaves,  fell  to  the  grounil 
and  attempted  to  crawl  off;  before  going  for  they  stopped  and  rolled  over,  as  if  in 
pain,  then  crawled  a  little  farther  with  further  rolling  and  twisting.  After  some  h<inr>, 
tliey  were  considerably  shrunken,  and  became  of  a  light  yellow  color  instead  of  grcpo. 
1  observed  these  until  night ;  when  1  left  none  were  dead;  next  momJDg,  none  of  tlirm 
conid  he  found.  From  this  single  experimeut,  I  would  not  have  known  whether  tbc 
worms  died  and  were  devoured  by  other  insects  dnring  the  night,  or  whether  thej  re- 
covered and  made  their  escape ;  but  subsequent  experiments  satisBed  me  they  must 
have  died. 

S.  I  tried  a  similar  experiment  on  Heliothia,  whjob  I  brought  into  the  laboraton't 
potting  them  in  blooms  and  on  leaves  in  such  manner  as  to  snpply  tbe  natural  condi- 
tlona.  I  applied  the  powderas  above  at  11  o'clock  a.m.  Thev  were  afibcted  as  thaxe 
in  experiment  (1,)  except  that  they  seemed  to  be  more  violently  attacked.  Tbey 
were  not  dead  late  in  the  afternoon ;  they  wore  all  dead  next  morning,  the  size  of 
the  worms  when  dead  being  less  than  halt  their  size  before  tbe  application  of  pyretb- 

In  these  experiments,  I  was  careful  that  some  of  the  powder  fell  on  (^ach  worm.  Of 
course,  this  would  not  be  the  case  in  ordinary  field-work.  My  object  was  to  see  if. 
when  fairly  applied,  powder  of  this  strength  would  kill  insects. 

I  found  that  insects  with  a  thick  chitinona  covering  frequently  flew  away,  not 
eeeniing  to  be  seriously  affected. 

I  tri^  this  powder  on  Cabbage  Worms ;  it  kills  them  when  it  toncbes  them ;  but 
on  cabbages  the  worms  are  so  weU  protected  by  the  width  and  arrangement  of  tbe 
leavee  that  many  escaped. 

It  did  not  pTot«ct  .the  cabbage  plants,  except  for  a  short  time,  tnm  tbe  Ilea  beett«. 

3.  Angnst  27  I  sprinkled  extract  pyrethrnm,  1  part  alcoholic  (ethyl)  extract  to  '20 
parts  of  water,  on  a  cotton  plant  where  there  were  three  Boll  Worms.  One  of  Ihesn 
had  penetrated  a  bolt  so  far  that  only  a  email  part  was  extended  outside  tbe  hoU ; 
other  two  were  on  the  flowers.  In  five  minutes  tne  norms  were  rolling  and  twisting, 
falling  to  the  in'onnd;  died  In  a  few  hours. 

Auf^ist  30.  Used  saQie  extract  as  above  on  three  Boll  Worms.  Resalt  eubstantiuU' 
same  so  far  as  Heliothfs  was  concerned.  Two  young  grasshoppers  were  quickly  killM. 
and  a  ladybird  fell  to  the  ground.  It  was  not  dead,  bnt  struggling, as  if  in  ¥*'"• 
when  nigbt  came  on ;  had  disappeared  next  morning. 

4.  September  17 :  In  the  following  exjierimont  T  used  some  of  the  aamo  extract 
imokeu  of  in  preceding  experiment.  The  quantity  this  time  was  half  pint  extract  w 
Ave  pints  water.  I  selected  a  apot  in  the  cotton-field  where  Alotira  were  tolersblj 
numerous.  There  were  three  stalka  of  cotton  growing  <Jo8e  tngether,  and  tbe  vinfe 
ot  morning  glory  bad  densely  intertwined  themselves  with  these  three  plants,  making 
the  foil  HRo  very  thick  and  hard  to  penetrate.  I  caught  a  number  of  Aletiie  from  other 
stalks  of  cotton  anit  pnt  them  on  these  until  I  could  count  120.  In  all  tbiatJnie 
neither  I  noieitberof  the  gentlemen  present  to  nitnesa  the  experiinent  noticed  nboli 
worm  (Heliotbis).  I  used  a  small  fonntain  pump  mado  by  Kninsoy  &  Co-<  ^'"^' 
Falls,  N.  Y.  We  sprayed  tbe  diluted  extract  over  three  rows  for  about  20  feet,  throw- 
ing more  upon  the  three  plants  mentioned  than  elaewbere.  Whilst  the  spray  ww  fall- 
ing npon  this  thick  foliage  I  closely  watched  its  effect ;  to  my  surprise  a  large  Beiio- 
this  appeared  on  a  leaf  seeming  to  bo  bewildered  and  making  rapid  exertions  to  EO' 
off.  On  examination  1  fonnd  it  had  come  from  the  interior  of  a  fuil^rown  boll  oi> 
which  it  was  feeding;  tbe  orifice  it  had  cut  was  on  tbe  upper  aide,  anil  1  suppose*""' 
of  the  fine  Hpray  pnaaod  through  the  orifice,  and  disturbing  it  in  ila  excavationa,  conw" 
it  to  comii  forth.  Soon  after  it  appeared  it  crawled  on  a  leaf  which  had  been  "'8''*|J 
wetted  with  the  extract,  and  in  two  miuut«B  from  the  time  the  extract  waa  ti"^". 


n  the  plants  tbia  Heliotbia  fell  to  tbe  ground,  am!  after  coiivulaiona,  rolling, 


iug,  twiating,  which  lasted  an  hour  and  a  quarter,  it  died.     In  four  niinutea  abe" 
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couviilsiuos,  the  younger  wornm 

>ur  Inrvn;  of  Aletiaon  the  oottoo 

D  eviclontly  much  affected  by  it. 

doa  1  fonnd  odIv  ods  Aletia  inrva  alive  on  "  '      ' 

bIso  sA  the  Bt 

Only  one  of  the  first  lot  of  obrysalids  showed  eigne  of  life  afterward,  and  it  died  in 
the  efi'ort  to  extricate  itself  from  the  pnpa-ooTering.  The  other  lot  of  cbry  ealide  treated 
similiwly  in  ajar  iffodae«d  moths. 

5.  On  Cabbage  Worms. 

(a)  Twenty-two  worms,  some  Piottea  rimotali*,  some  Pieru  oltracea.  Extroot 
pyretbrnminmetiiylaloohoL  Strength  of  Hqntd:  1  part  extract  to  30  parte  of  nat«r. 
Every  worm  killed  In  a  few  minutes. 

(b)  Twenty  worms  ae  above,  three  neen,  the  othere  Pionta  rimoaalu,  ^Extract 
pyruthrum  in  common  alcohol.  Strength :  1  of  extract  to  30  of  water.  In  four  min- 
utes worms  were  all  dead  bnt/imr;  three  Pionea  escaped,  and  one  Pione.  Tlie  emnll 
worms  were  killed  first  in  both  experiments,  ae  I  found  to  be  aimoeC  invariably  the 
case  with  Aletia  and  Heliothis. 

6.  September  21,  on  Boll  Worms. 

Foliage  eo  dense  aa  to  afford  the  beet  possible  protection.  Extract  of  pyretlicuu  ia 
methyl  alcohol.  Strength :  1  to  33of  water.  Three  of  these  worms  were  three-fourths 
of  their  leasths  in  the  bolls,  the  fourth  was  entirely  concealed.  I  threw  a  very  small 
qnanti^  of  the  liquid  on  this  cotton ;  for  three  or  four  minutes  there  was  no  move- 
ment of  the  worms,  bnt  presently  they  came  forth  enddenly  &om  the  bolls,  begun  to 
crawt  nneasUy  on  the  leaves  and  stems,  soon  fell  to  the  groond,  and  in  one  hour  and 
four  minntes  three  were  eo  nearly  dead  as  to  make  it  certain  they  wonid  die ;  oDe 
crawled  off,  showing  some  signs  of  paralysis.  Not  bavins  time  to  wait  iu  Older  to 
ascertain  if  it  wonid  die,  1  sprinkled  a  small  quantity  of  the  same  liquid  on  it;  then 
its  crawling  quickly  ceased.     All  these  were  large  larvEC. 

7.  September 'J8.  Extract  nyrethnim  in  methyl  alcohol.  Strength:  1  part  extract 
to  40  of  water.  Sprayed  liquid  at  10.45  a.  m.  on  a  very  laive  number  of  wuniiH  (A)ctia). 
covering  a  considerable  area.  All  the  smalt  worms  were  killed  in  an  hour.  Nearly  all 
the  large  larv^fell  t«  the  ground,  bnt  many  of  these  saooeeded' in  crawling  away,  aad 
some  ascended  the  plants,  while  others  of  the  same  size  died  in  oonvulsionn. 

Manj  other  experimente  were  made  by  me,  bnt  nothing  was  developed  not  included 
in  those  cited  above. 

I  have  the  honor  to  be,  Ytaj  respeotftilly,  &c., 

E.  W.  JONES, 
Speeial  Agtnt,  V.  E.  E.  C,  OxforA,  Miu. 
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APPENDIX   III. 


REPORT  OF  J.  P.  STELLE. 


8ik:  Ibftve  the  honor  to  Bobmit  the  following  report  of  mjexperimenta  and  obaer' 
vatlona  ae  a  8i>eclal  agent  of  the  United.  States  Entomological  ComniJMion  engaged 
In  the  work  of  investigating  cotton  insects  nnder  yonr  diraction : 

Having  tieeu  aseigoed  to  duty  in  the  State  of  Texaa.  1  first  established  my  head- 


quarters at  Calvert,  iu  Kobertson  County,  a  point  in  the  rich  cottoa-prodnclDg  rt 

gloDa  of  the  Brazos  Valley,  oTootly  on  the  Hue  of  31°  north  latitude.     It  h   " 

been  anderstood  tbat  the  Cotton  Wonn  makes  its  first  appearance 


Texas  in  the  most  eoutbeni  counties  where  cotton  is  grown,  but  for  this  year  the 
rale  dooe  not  seem  to  have  held  good,  as  it  appeared  in  intiirious  numbets  in  Robertson 
Coonty  as  early  its  at  any  otiier  place  in  the  State,  Inrormatioa  of  its  early  appear- 
ance in  this  section  inflneuced  me  In  making  choice  of  my  location,  and  it  evoutii- 
ally  tnrued  out  a  most  fortimatc  choice,  on  account  of  beiiiK  entirely  al>OTe  the  lino 
of  the  heavy  rains  which  visited  Texas  in  the  course  of  the  summer.  While  tho 
counties  along  the  Lower  Brazos  and  Colorado  were  being  dreuched  witti  raius  daily, 
Robertson  County  was  entirely  exempt ;  in  fact,  scarcely  a  drop  of  rain  fell  in  this  re- 
sion  between  the  Ist  of  Jnly  and  the  1st  of  Septi'mber,  a  circumstance  greatly  favor- 
ins  my  field-work,  as  will  be  readily  eeen. 

Both  the  Cotton  Worm  (AMia  xylina)  and  the  Boll  Worm  (^Heliothia  armigera) 
appearedonttie  lowland  farms  along  the  Brazos,  in  what  planters  would  term  injurions 
nnmbers,  about  the  20th  of  Juiy.  The  weather  was  quite  warm  at  this  time,  and  it 
ootitinaed  warm  throughout  the  season,  the  thermometer  usually  marking  &om  90°  to 
96°Faluenheit  at  2  o'clock  in  the  afternoou.  Tbis,  with  a  gentle  breeze  from  the  sonth, 
brlnnng  up  an  atmosphere  from  the  rain-belt,  heavily  charged  with  moisture,  seemed 


the  Insects.  As  a  consequence  brood  succeeded  bruod  with  astonishing  rapidity, 
the  worms  spreading  qniokly  to  the  aplands,  anit  doing  their  work  so  efiectually  that 
by  the  1st  of  September  all  the  cotton  fields  where  remedies  had  not  been  applied 
were  completely  stripped  of  their  leaves,  with  a  very  large  per  centum  of  the  holla 
bored  into.  This  cut  short  my  operations  at  Calvert,  an(t  in  order  that  I  stilt  might 
have  more  time  for  fielil-work,  1  changed  my  location  to  San  Harcoe^  in  Hays 
County,  where  the  worms  were  then  (September  1)  lust  boginniug  to  put  in  an  inju- 
rions appearance.  Here  I  remained  till  the  15th  of  OctoMr,  prosecuting  my  lal>ora 
nnder  conditions  reasonably  favorable  in  every  respect. 

Summing  ap  Qie  reeulta  of  my  inveatigatiooe  as  secured  iu  the  lines  laid  down  for 
the  government  of  my  work,  I  may  begin  with  what  planters  in  many  parts  of  the 
Sontit  call 

COTTON  BLIGHT. 

In  some  localities  it  is  known  ns  "  slalk-rust,*'  and  in  others  as  "root-rot,"  hut  cot- 
ton blight  seems  to  be  the  name  by  which  it  is  most  generally  called  in  Texas,  and  I 
think  Uie  same  mny  be  said  for  a  minority  of  the  other  Cotton  States. 

This  trouble  begins  in  the  cotton  field  about  with  the  earliest  appearance  of  blooms, 
and  usually  on  upiauds,  though  one  occasionally  meets  with  it  iu  bottom  plantations. 
The  first  indicatiuu  we  have  of  its  presence  is  a  sudden  wilting  of  the  plants,  which, 
np  to  this  time,  were  to  all  appearaucea  as  healtbyand  vigorous  as  any  in  the  field. 
In  the  morning  the  plants  are  looking  all  right ;  in  the  evening  their  leaves  are  seen 
to  be  wilting :  to-morrow  evening  they  are  blackened  and  dry.  Usually  the  earliest 
attack  is  mMe  apon  only  a  few  plants  in  a  place,  more  commonly  than  olherwise 
npon  a  single  speofmen.  A  week  later,  perhaps,  and  one  of  its  nearest  neighbors  shows 
symptoms  of  the  blight,  then  another  and  another  on  till  frost  cuts  short  the  growth 
of  the  crop,  when,  in  many  cases,  it  will  bo  seen  that  all  the  plants  of  a  spot  several 
rods  iu  extent  have  been  ruinoudy  blighted.  The  bolls  that  arc  at  maturity  when 
the  plant  dies  will  open  and  show  no  particular  damage,  but  the  young  bolls  will  dry 
up  and  be  lout. 

[25] 
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There  are  111  liny  theories  n-itllr(^^(^^encetoUlecauBe  of  ootton  blight,  xonieattribnlme 
it  to  a,  fUDgoiil  groivtfa,  othera  to  a  peculiar  poinon  in  the  aoil,  aiid  ntill  olhers  to  ibe 
work  of  in  sects.  This  iHHt-named  tlieory  carried  ittotheatteution  of  the  ConiiuiNdon, 
and  led  me  to  make  a  careful  HtuUy  of  the  pheuoineuon.  Ou  taking  up  the  pUutii, 
even  at  the  lirst  indication  of  wilting,  I  fonnd  all  the  rootlets  completely  dead  and 
tiBUally  rotte<l,  and  tlie  main  or  tap  roul  deail,  with  the  bark  ready  to  slip  off  and  the 
pitli  blackened.  I  foand  nnmbiTB  of  adjacent  plants,  showing  no  sign  of  blight  above 
ground,  Ihat  were  more  or  less  afi'e<^ted  in  the  roots.  In  a  m^ority  of  these  caaea 
many  of  the  rootletn  were  already  dead  and  decaying,  while  the  disease  had  not  y^t 
icached  the  main  root.  In  some  instances  half  the  diulu  root  was  dead,  while  the 
other  half,  with  its  attached  rootlets,  was  living  and  iierforming  its  natural  fiiDc- 


le  of  these  I  CBrefully  Teturued  the  soil  without  particular  disturbanee, 
uuu  unviu^  uiit.arthed  the  rootlets  beyond  an  inch  from  the  mam  root,  and  not  having 
unearthed  the  side  of  the  main  root  more  thau  three  or  four  inches  below  the  sarfue. 


the  fact  that  in  the  space  of  time  named  the  rot  had  a- 
tended  to  the  healthy  side  of  the  root  and  rootlets.  I  further  found  that  the  fiW 
attack  woe  made  on  the  very  extremities  of  the  rootlets  farthest  from  the  main  root, 
and  usually  on  those  deep  down  iu  the  ground..  From  these  extremities  it  paswd 
gradually  to  the  mainroot,.  When  it  had  reached  and  surrounded  l^e  latter  the 
leaves  of  the  plant  invariably  wilted,  .as  already  mentioned.  I  saw  not  a  single  in- 
stance of  the  recovery  of  a  plant  after  the  leaves  had  begun  to  wilt  fW>m  the  eSect 
df  this  btighi. 

A  most  thorongh  study  of  cotton  blight,  made  from  time  to  tim«  throughout  tb? 
BOMOD,  baa  eutirelv  convinced  me  that  insectH  have  nothing  to  do  with  it  whatcvfr. 
This,  of  coarse,  if  I  am  correct  {and  I  think  I  am),  places  it  outeide  the  scope  of  the 
Uiiit«d  Stat«8  Entomological  Commission.  I  found  no  insects  associated  with  it  in 
any  way  that  could  be  considered  so  much  as  even  slightly  Buspicioos.  Notbina  im- 
UBual  was  wer  found  upon  the  plant  aboveground,  and  the  insects  found  in  theU^ 
iiunutities  of  earth  that  I  examined,  as  taken  from  about  the  affected  roots,  were  atoo 
fonnil  in  equal  numbers  about  the  roots  of  healthy  plants  in  portions  of  the  fleldt 
vhere  uo  blight  had  ever  appeared.  The  mi cro»co)>e revealed  tome  a  fnngoidgiovlb 
npou  the  decaying  roots  and  rootlets,  but  I  was  not  abl«  to  make  sure  that  tnis  was 
otherwiso  than  the  result  rather  than  the  cause  of  the  blight.  I  foonil  theaaracfon- 
gnM  Hpim  other  decaying  vegetation,  while  I  could  detect  no  trace  of  it  on  cotton 
roots  ill  health,  nor  oven  in  their  earliest  stages  of  blight, 

I  trust  1  shall  be  excused  if  I  here  venture  a  step  beyond  what  I  cousiitpr  the  prov- 
ince of  the  Commission  to  state  that  cotton  blight,  once  started,  appears  iu  succeed- 
ing yearn  upon  the  same  spots;  usually  upon  the  higbest  and  best  drained  lands  of 
the  field.  1  was  often  told  that  any  other  crop  than  cotton  planted  upon  the  sams 
spots  won  Id  bit  likewise  blighted,  but  this  I  snliBeqaeiitly  found  to  be  a  miatAkr. 
Rotation  for  a  few  years  in  otherkinds  of  crops  liestroyeit,  so  that  when  cotton  oomM 
bock  to  the  same  tield  blight  is  not  apt  to  ap)iear  for  a  year  or  so  at  least ;  and  when 
it  does  appear  there  is  uo  certainty  that  it  will  appear  in  the  old  epot«.  This  points 
to  the  fact  that  it  Is  somethint;  pecnltar  to  cottOD,  aad  to  the  fnrther  fa«t  that,  be  the 
cause  what  it  may,  rotation  of  crops  is  the  remedy. 


is  friends  up  to  the  present  time,  and  giving  rise,  as  such  things  usually  do,  t 

any  number  of  theories.  It  consists  in  the  rotting  of  the  interior  of  the  boll  after  It 
bos  attained  nearly  oi  quite  to  foil  size.  In  some  cases  the  entire  contents,  both  lint 
and  seed,  become  a  feriucnted  and  putrid  mass,  banting  tbe  boll  and  running  out 
frothing  over  the  exterior,  presenting  a  most  disgusting  spectacle.  In  other  oases  the 
contents  of  but  one  or  two  divisions  ie  the  boll  go  into  putrefaction  leaving  the  re- 
mainder to  mature  and  open  ont  an  inferior  grade  uf  cotton ;  thoogh  this  is  tbe  ex- 
ception rather  than  the  rule.  Usually  when  the  rot  takes  hold  of  a  boll  all  its  con- 
tents are  totally  lost. 

The  first  indication  o] 

fourth  of  an  inch  In  dlamet«r  o:. ^  „. .  .„.„„r--.  n- 

age  it  changes  gradnally  from  its  original  dnll  green  to  a  dark  brown  coter,  ^'t^^ 
which,  if  the  boll  has  not  already  buiit,  as  a  result  of  interna!  fermentation,  it  *"[' 
if  opened,  be  found  to  oontain  only  the  disagreeably -looking  mass  already  described. 
If  foijnd  already  burst,  an  examination  will  be  apt  to  show  its  interior  literally  work- 
ing with  small  worms,  the  larvfe  of  insects  that,  attracted  by  the  matter  oozing  Qom 
its  ruptured  seams,  have  made  use  of  it  as  o  nidns  in  which  to  hatch  and  rear  their 
young.  . 

In  times  past  these  little  worms,  simply  a  result,  and  not  at  all  connected  wimtne 
oanoe,  have  been  charged  with  the  aatborship  of  this  boll  rot  misoMef,  but  I  lud  ids 
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good  fortttoe  to  make  &  diacove^  whioh.  leto  them  out  of  the  haiida  of  the  court  with- 
out hail.  1  WB8  amosiDg  tuyeelf  one  eveoiiie  tryiuE  to  induce  a  colouy  of  aots  to  re- 
pleDinh  their  larder  with  ft  well-arown  BollWorin  (Seliothii  amigera),  hut  they  iVidn't 
'o  want  him,  Bo  he  mude  tus  way  to  the  neareet  cotton  stalk  and.  a         '    ■•      ■• 


boll  bordering  upon  matnritj,  and  fell  to  wnrk  at  it  after  the  usnal  manner  of  Boll 
Worms.  Its  sheU  proved  too  hard  for  hia  boring  mftchinery  at  the  )ioinl  where  first 
attacked,  therefore  he  changed  his  location  to  the  other  side  and  tried  it  again.    Same 


tesolt;  then  he  took  himeelT  to  another  part  of  the  plant  and  set  to  work  upon  aaotht^r 
boll.  While  this  was  going  on  I  tboaght  I  would  examine  his  lirst  job  to  see  if  he 
had  left  any  mark  npon  the  surface,  when  lo !  to  my  great  surnriee,  I  saw  the  identi- 
cal doll  green  or  bmised  spot  always  taken  as  an  indication  of  comiug  boll  rot;  and 
on  the  opposite  side  of  the  boll  where  he  bad  worked  was  another.  There  could  be 
no  mistake  about  it.  I  watched  hia  operalioDS  till  the  gathering  darkness  concealed 
them  from  view,  and  until  he  hod  mode  eight  similar  bruises.  Tearing  my  pocket- 
handkerchief  into  stripe  and  tying  them  as  marka  at  the  base  of  the  bruised  bolls,  I 
left  him  alone,  in  hia  glory. 

Next  day,  towards  evening,  I  found  the  bruieea  alreadv  assuming  a  brownish  hne; 
in  three  days  more  they  were  dark^brown.  On  the  fifth  day  theUolls  began  to  burst ; 
not  one  upon  which  I  bad  seen  the  Boll  Worm  work  that  eveuiirg  csuaped  entire  de- 
Btmction  by  the  "  tot," 

With  the  back  of  my  pocket-knife  I  made  similar  bruises  on  other  bolls  to  see 
whether  or  not  the  effect  would  be  the  Bome ;  bnt  it  waB  not — from  mjr  bruises  the  in- 
terior of  the  boll  sustained  no  injury  whatever. 

Since,  on  two  ocoitaiunB,  I  have  seen  the  Bol!  Worm  making  thene  same  bruises,  and 
have  kept  the  bolls  nnder  mark  till  tboy  rotted,  which  they  did  in  every  cose;  all  of 
which  convinces  me  that  1  have  found  the  canse  of  boll  rot,  but  how  the  mere  nib- 
bling of  a  worm  upon  the  sui&ce  of  the  boll  brings  it  abont  is  more  tha|i  I  shall  at- 
tempt to  explain. 

"  which  surroonds  the  base  of  the  cotton-flower  bud,  or 
....  .  B  found  to  have  spread  out,  exposing  to  view  a  kindof  neck  or  stem  be- 
low the  bud  or  boll.  This  condition  planters  call  the '- Flare."  Upon  close  examina- 
tion of  a  apecimen  we  discover  that  a  small  hole  bas  been  bored  into  the  bnd  or  young 
boll,  aud  that  the  castings  of  some  insect  ore  deposited  upon  the  involucre  Just  t>elow 
it.  Or,  if  we  do  not  find  these,  we,  upon  still  closer  scrutiny,  discover  that  the  "neck" 
of  the  bud  or  boll  exhibits  a  pnnctnre  or  two  so  minute  as  to  be  scarcely  visible  to 
the  naked  eye.  In  a  short  time  this  injured  fruit  separat«a  from  the  plunt  and  falls  to 
the  gronnd. 

The  qnestion  as  to  the  canse  of  Flare  has  been  settled  in  case  of  the  holes  bored  in 
the  flower-bud  or  young  boll ;  it  is  the  work  of  young  Boll  Worms  ;  but  in  the  esse  of 
tbe  minute  punctpres  the  anthor,  BO  far  as  I  know,  has  not  yet  been  identified.  In 
obedience  to  instructions  I  made  dUtcent  search  for  the  culprit  throughout  the  sea- 
son, but  was  unable  to  detect  him  directly  at  the  work,  though  I  often  saw  certain 
HemipterouB  insects  fas  leaf  hoppers)  in  such  familiar  juxtaposition  to  young  ootlon 
bolls  or  flower-buds  as  t«  strongly  rouse  the  snspicion  that  they' knew  more  about  the 
canse  of  Flare  than  was  known  to  me.  They  are  a  classofinsectsso  shy  as  not  easily 
to  be  detect«d  at  mischief.  I  tried  tbe  experiment  of  confining  some  of  Ibem  under 
gauze  cloth  with  young  bij uares,  but  secured  no  results.  It  is.  in  my  opinion,  faighlv 
probable  that  eeveral  Bpeciesof  Hemiptera  mayhaveahand  in  producing  tbe  "Flore." 

OTHKK  FOOD  PIiAlTTS  THAIf  COTTOM. 

The  woods  and  prairies  adjacent  to  cotton-flelds  were  often  oarefnlly  searched  in 
hopes  of  Kadine  the  larva  of  Aletia  feeding  upon  some  other  plant  than  cotton,  bnt 
to  me  no  such  '"find  "  ever  resulted. 

Eepeated  efforts  to  feed  the  worms  in  confinement  npon  socb  botanical  relativee  of 
the  cotton  as  could  be  found  native  to  Texas  were  also  made.  Mapy  Bpeciea  of  Mal- 
vace«  were  largely  experimented  upon  in  this  direotion,  but,  save  in  one  instance, 
there  was  gained  not  so  much  aa  a  single  step  towards  auccess.  That  instance  waa  iu 
the  case  ofAtntiUm  tei«N*u,  the  worms  having  eaten  part  of  one  leaf.  Beyond  this 
they  fed  no  more,  though  &esh  and  tender  plants  were  placed  at  their  diapnsal  every 
day;  theyelther  "webbed  up"  or  starved  to  death,  depending  upon  their  stage  of 
growth  when  pnt  into  confinement. 

Witb  reference  to  Aletia  in  the  moth  state  I  observed  the  case  to  lie  quite  difierent. 
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tbis  pe»  wer«  adjaoent  to  the  oottoa-fleld,  I  i)ot)o«d  the  moths  flitting  about  it  in 
Kreiit  Dnrab«rs  at  night,  aud  in  evening  twilight  the;  were  to  be  seen  pasaing  in 
swarniB,  aa  it  were,  from  the  cotton  to  the  peso.  I  also  saw  molihB  of  tli«  Boll  Worm 
feed  IDE  in  the  pea  patclies  witJi  large  representation. 

Unlike  the  larva  of  Aletia  that  of  HeliotliiB  (Boll  Worm)  appears  to  be  an  Insect  of 
wide  range  so  fai  aa  relates  to  its  natural  food.  Wbile  it  feeds  upon  the  bolla  of  cot- 
ton with  evident  relish,  thus  leading  us  to  call  it  the  Boll  Worm,  cottoa  bolls  do  not 
appear  to  be  it«  first  choice  by  any  meansi  It  evidently  has  a  decided  preference  for 
green  com,  upon  which  it  mnltiplies  with  greater  thrift  than  upon  t,ay  other  culti- 
vated crop.  I  think  tbat,  of  all  the  Cotton  States,  the  Boll  Worm  does  most  damage 
to  cotton  in  Texas,  growing,  I  suppose,  ont  of  Ibe  fact  that  Texaa  raisea  the  most 
com.  In  all  my  observationB  I  found  the  rule  to  hold  good  that  where  fields  of  early 
com  were  adjacent  to  cotton  the  cotton  crop  sustained  greater  damage  £ram  Boll 
Worm  than  where  they  were  not.  Tbis,  according  to  my  reasoning,  is  IxMianse  the 
early  broods'of  Boll  Worms  are  adrantageougly  raised  upon  the  early  oom,  which 
eventually  becoming  too  dry  and  hard  for  their  purpose  forces  the  insects  to  emigrate 
to  the  cotton  fields  for  a  propagation  in  later  broods. 

ANNOYAMCRe  TO  THK  COTTON  WORM. 

I  find  it  a  thing  by  no  means  rare  for  planters  to  become  snddenty  carried  away 
with  the  idea  that  they  have  just  discovered  complete  remedies  for  the  Cotton  Womi, 
and  for  large  districts  to  become  considerably  elect  rifted  over  the  discoT^?,  when,  in 
Irutli,  the  new  remedies  are  nothing  more  than  temporary  aunoyanoes  thrown  in  the 
way  of  the  insect  and  its  work,  and  coiiseqneutly  worth  vor^  little  indeed,  if  any- 
thing. Among  the  latest  of  those  may  bu  listed  an  application  to  the  planlti  of  a 
solution  of 

Camnoit  sail.— Soon  after  reaching  Tei;as  I  beard  tbat  the  planters  in  certain  local- 
ities of  the  State  were  effectually  saving  their  crops  from  worras  by  sprinktinir  IJie 
plants  with  "brine,"  and  it  even  got  into  the  papen  and  took  a  general  run  all  over 
the  country,  producing  qnite  a  commotion.  Now,  1  bad  no  faith  whatever  in  salt  «b 
an  insecticide,  still,  as  the  thing  mat  mo  at  every  hand,  I  eonoluded  to  put  it  to  the 
test.  My  applications  were  made  with  salt  in  solution ;  No,  1  had  two  ounces  of  salt 
to  the  gallon  of  water,  and  No  2  tbrne  ounces  of  salt  to  the  galluii.  These  solutions 
were  thoroughly  sprinkled  over  plants  upou  which  Cotton  Worms  were  at  work  in 
large  numbers.  Two  days  after  the  applications  had  been  made  I  thought  there  were 
fewer  worms  on  the  planta  sprinkled  with  No.  1  that)  before,  while  there  was  an  un- 
doubted thinning  out  under  the  effect  of  No.  2,  The  leaves  sprinkled  with  solution 
No.  2  were  considerably  scorched  hy  the  salt.  No  dead  worms  were  found ;  indeed 
the  salt  bad  been  to  thorn  nothin|{  more  than  a  temporary  aunoyanoe,  causing  tbem 
to  move  to  the  adjacent  plants  not  salted—I  saw  them  going  in  cousiderableiiumbora. 
And  the  protection  was  only  for  a  very  brief  season ;  a  few  days  later,  when  food  be- 
came mure  scarce  on  the  adjacent  plants,  those  to  which  tbe  applications  had  been 
made  were  restocked  with  worms  and  speedily  stripped  of  tlieir  leaves. 

Saltpeter. — This  salt  (nitrate  of  potosea)  also  got  into  the  papers  upon  the  authority 
of  some  planter  as  a  never-failing  remedy  for  tee  Cotton  Worm.  lie  applied  it  in  *> 
Intiou  made  by  dissolving  an  onnce  of  the  salt  to  the  gallon  of  water.  I  pnt  it  to 
careful  teat,  following  his  direolione,  and  found  it,  like  common  salt  (chloride  of 
sodinm),  to  be  simply  a  temporary  annoyance  to  the  worms,  and  nothing  more. 

Eoitd  diut. — A  much  traveled  road  ran  east  and  west  through  one  of  the  fields  in 
which  1  was  conducting  my  eiperimonte.  Early  in  the  season  the  cotton  on  tbe  sooth 
side  of  this  road  was  badly  damaged  by  the  Cotton  Worm,  while  for  40  feet  along  the 
northern  side  it  hod  not  been  much  disturbed.  Investigation  for  tbe  cause  of  the 
esemption  sbowed  it  t«  arise  iroin  duat  blown  over  the  plania  from  the  road  by  apre- 
vailing  wind  from  the  south.  The  discovery  seemed  of  value  as  a  suggestion  of  the 
idea  that  a  dry  season,  with  strong  winds  blowing  duat  over  the  plants,  may  make 
an  unfavorable  condition  for  the  growth  and  multiplication  of  the  Cottim  Worm.  It 
is  this  possibly  tbat  has  given  rieo  to  the  notion  that  a  dry  season  is  lesa  fnvorafalefor 
worms  than  a  wet  one,  Althotigh  dry  in  Central  Tezaa  this  season,  there  were  ao 
strung  winds,  not  enough  to  carry  dust  from  A  road  save  in  cases  where  it  had  first 
been  stirred  up  by  some  other  canan,  as  a  passing  vehicle,  for  instance. 

But  in  tbe  case  jnst  meutioned  tbe  dust  proved  only  a  temporary  annoyance  tolbe 
insects ;  later  in  tne  souson  the  exempted  cotton  wsa  entirely  atrippod  by  them. 

Open  epacei.—lt  ia  noticeable  that  cottou  plantB  growing  immediately  upon  tlie 
border  of  open  spaces,  aa  along  the  aides  of  roads,  or  adjacent  to  crops  of  lower 
growtli,  dec,  are  exempt  from  an  altnck  by  the  worms  longer  than  those  growing  i" 
other  parts  of  tho  tield.  A  careful  siiidy  of  tbe  case  baa  convinced  me  that  this  isoii^ 
to  the  extreme  shyness  of  the  moth,  which  preventa  it  from  atoppiiig  and  de|io«'li''B 
its  eggs  in  ancb  exposed  siluatioiia.  Scare  it  up  in  the  daytime  anait  :tt  once  ilnTl* 
off  to  ii  plnci-  of  concealment  in  the  thickest  growth  it  can  find  ;  and  if  you  watch  it 
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flying  of  its  own  nooord  late  of  an  eyeiung  or  U  night,  you  will  invariably  fiud  it 
choosing  its  stopping  places  in  obedieocs  to  the  some  rule ;  you  rarely  see  it  stop  ou 
any  of  toeseoxpoBed  plants  of  the  border. 

JVm*.— I  have  often  been  asked  to  explain  why  cotton  jilanta  growing  in  the  imme- 
diate neigblwrhood  of  trees  are  longer  eiempt  from  destruction  by  worms  than  thoso 
e rowing  where  trees  are  not.  Some  inveatigiitors  have  attribnted  it  to  the  work  of 
inia,  wbicb,  finding  a  convenient  lodging  place  upon  the  trees,  have  devoured  the 
iimeots;  while  others  attribute  it  to  shade.  I  know  it  ia  not  due  to  birds  devonrinp 
the  worms,  for  I  see  the  same  thing  around  trcps  that  birds  never  frequent ;  an<l  I 
know  shade  is  not  the  cause,  for  1  find  plants  exempt  ail  the  same  on  the  north  sidea 
of  the  trees  where  shade  cannot  come.  It  is,  evidently,  this  same  peculiar  dliynesa 
of  the  moth  which  causes  it  to  avoid  exposed  situations.  If  yon  watch  it  in  its  vol- 
untary fliffht,  as  I  have  done,  you  will  see  that  it  iuvatiably  gives  all  trees  a  wide 
berlh.  Tfiia  is,  in  all  probability,  due  to  its  instinctive  fear  m  birds  that  might  bo 
lodging  upon  the  trees. 

SAade.— This  does,  however,  afl'ord  a  temporary  annoyance ;  not  to  the  moths,  for 
they  being  nocturnal  in  their  habits  do  all  their  work  nnder  shade,  but  to  the  worms. 
Id  my  search  for  a  solution  of  th^  tree-problem,  I  stretched  a  tarpaulin  upon  stakes 
above  a  number  of  plants  so  as  to  shade  them.  There  was  a  goodly  stock  of  worms 
upon  the  plants  at  the  time,  but  in  a  day  or  two  afterwards  they  had  all  cbaDceil 
their  quarters  to  other  plants  and  sunshine.  But  they  returned  to  their  work  in  fall 
force  when  a  trimming  ont  of  the  field  bad  broaght  Dioe^fresb  cotton  leaves  iuto 
bett«T  demand. 
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poiut  out  as  existing  among  the  quadrnpeds  and  birds,  and  among  other  species  of  in- 
sects. To  the  quadruped  portion  of  the  subject  I  have  given  do  attention,  but  birds 
as  Cotton  Worm  destroyers  and  some  of  the  insects  I  have  studied  extensively  and 
with  (jreat  care. 

Birrfj.— 8oou  after  1  had  located  at  Calvert  reports  were  brought  to  me  hy  several 
planters  setting  forth  that  immense  nnmborH  of  small  Imt  strange  birds  had  appeared 
on  their  plantations  and  were  devouring  ihe  Cotton  Worms.  I  found  the  "atraugo 
bird"  to  be  a  small  black,  white  and  bnff  sparrow  of  the  species  known  to  science  as 
ColurnicHlvi  lecirnlei.  As  wo  approached  the  cotton  fields  it  Saw  up  in  couBiderul)le 
numbers  from  amonj?  the  plants  along  the  edges  borderi'd  by  woodlands,  where  it  had 
been  feeding  upon  the  worms,  as  the  contents  of  its  stomach,  examined  in  severul 
specimens  shot,  plainly  demonstrated.  I  whs  rather  surprised  to  see  it  in  numbers  so 
large,  owing  to  the  fact  that  it  has  usually  been  regarded  by  naturalists  as  rather  a 
scarce  bird.  Of  course  it  was  not  a  strange  bird  for  Texas;  it  had  now  for  the  first 
timo  attracted  the  atteutiun  of  these  planters— that  was  all. 

Tho  Texas  bird  that  I  found  standing  first  in  rank  as  a  devoorer  of  Cotton  Worms 
was  the  common  Mocking  Bird  [Jfimiu  polgglottut) ;  and  next  to  this,  perhaps,  was 
the  American  Cuckoo  ( Cocci/gat  omeriooniM).  I  saw  neither  of  those  birds  calchini; 
moths;  the  only  bird  I  saw  actively  at  that  business  to  an  extent  worth  uamtug 
was  tho  BeeMartin,  or  King  Bird,  of  Texas  (i's^aniiMiei'fJefllis).  It  wasauite  plenti- 
ful on  the  Brasos,  and  I  often  saw  it  in  the  cotton  fields  after  sunset  catching  moths, 
and  not  unfreqnontly  continuing  at  its  work  nnttl  twijicht  had  BOnsiderably  ad- 
vanced beyond  the  half-way  line  between  daylight  and  darkness. 

Antt. — I  mode  many  experiments  with  ants  for  the  purpose  of  gatherinK  some  idea 
of  the  extent  to  which  they  are  the  "uaturat  eueioies"  o(  the  Cotton  Worm.  Put 
chrysalides  of  Aletia  at  the  openings  of  aut-hills  of  all  the  species  1  waa  able  to  fin<l 
in  the  cotton  field,  including  those  of  the  oorumon  and  couspicnous  Fogonongrmex 
tarioiiw,  or  "Agricultural  Ant  of  Texas."  When  first  put  down  the  ani.a  usually 
tugged  at  the  small  extremities  of  the  chrysalides  for  a  few  momenta,  after  which 
they  left  them  undisturbed,  lu  not  one  of  the  species  was  there  ever  evinced  thii 
slightest  disposition  to  break  the  shells.  On  one  occasion  1  partially  crushed  several 
chtysalides  until  the  juices  appeared ;  thpse  the  ants  of  each  species  to  which  they 
were  ofierod  worked  upon  vigorously  until  they  were  either  devoured  ujion  tho  spot 
or  dragged  piecemeal  into  the  habitation. 

One  morning  I  placed  a  number  of  chrysalides  of  Aletia,  still  rolled  up  in  the  leaver, 
at  the  opening  of  a  strong  colony  of  P.  harbalaa.  Returning  iu  the  evening  to  sci' 
what  had  happened  I  found  the  ants  linsily  engaged  cutting  the  then  dried  leaves  iu 
pieces  for  tho  solo  purpose,  evidently,  of  removing  them  from  their  olenring.  It  is  a 
peculiarity  of  thia  ant  to  keep  every  thing  cleared  away  from  the  untranco  to  its  den 
ibr  a  space  of  ID  or  15  feet  in  diameter,  not  even  sparing  cotton  plants  or  those  of  auy 
other  crop  that  the  farmer  may  happen  to  put  within  tho  boundaries  of  it«  claim. 


^aovGoOt^lc 


[30]      BEPOBT  4,  UNITED   STATES  ENTOMOLOQICAL   COMMISSION. 

Already  Beveral  leaves  had  been  whoU j  clearod  ayras,  bat  the  ctuyBBlidea  irbich  they 
bad  contained  were  Btil!  lying  opoo  the  ground  undiHtntbed,  they  being  too  haaTj  to 
remove  entire,  and  the  ants,  for  some  reasoa  best  hnotm  to  themaelTea,  haviog  de- 
clined to  cut  them  in  pieces. 

On  varioaa  oocaaiona  I  offered  eggs  of  Aletia  to  many  different  species  of  ants,  bnt 
not  in  a  single  case  conld  I  indaoe  them  to  cnt  one  mim  the  leaf,  thon^  if  I  broke 
the  egKS  loose  far  them  they  woald  seize  npon  and  carry  them  off  wiuiont  he«it»- 
tiou.  Some  writers  claim  that  ante  ascend  the  cotton  plants  and  devonr  the  eggs  of 
both  Aletia  and  Helioth is.  This,  I  amfnllyoonvinced.isan  entire  mistake,  eapeoully 
so  fai  as  lelates  to  Texas  ants.  Hy  eyes  are  very  good,  and  I  have  kepi  them  open 
looking  after  this  thing  throaghont  uie  season;  were  it  common,  aa  has  often  been 
claimed,  I  snrely  wontd  have  seen  somettdng  of  the  kind,  which  1  did  not. 

Aa  to  the  Aletia  larvfe,  or  Cotton  Wonns,  m^  observations  have  convinced  ma  that 
some  species  of  ants  will  destroy  them,  especially  yoong  worms,  if  placed  near  the 
entrance  to  their  hilEs.  Bat  the  oases  of  this  destmotion  that  will  fall  noder  the  eyes 
of  an  observer  are  far  less  common  than  one  might  snppose.  In  moat  instances  the 
worm,  so  soon  as  touched  -bv  an  ant,  goes  into  a  series  of  skips  and  bounds  which 
carry  it  several  inches,  and  perhaps  feet,  away.  The  aadden  movement  seems  to 
frighten  the  ant,  which  rarely  starts  in  pnrsnit.  If  a  new  contact  happens  to  t-eeult 
from  another  passer,  away  goes  the  worm  again  aa  before,  nntil  it  is  finally  oat  of 
danger  and  up  a  cottou  stalK.  Have  never  yet  seen  an  ant  attack  a  worm  of  on;  con- 
siderable size  on  a  plant,  thongh  it  is  no  uncommon  thing  to  see  ants  walk  directly 
over  worms.  The  large  ants  aeldom  ascend  the  plants  for  any  purpose ;  the  small  ones 
that  go  ap  seem  to  have  been  attracted  either  by  the  exucuitioiia  fnim  plant  lice  or 
by  plant  nectar. 

I  Dave  aecn  nothing  to  convince  me  that  ants  are  of  much  value  to  the  planter  in 
their  rOtc  aa  "  natuiw  enemiea  "  of  the  Cotton  Worm.  I  do  not  qneation  the  assertion 
that  they  devonr  large  nnm  hers  of  worms,  but  if  the  whole  truth  was  known  it  vould 
lie  found,  in  my  honest  opinion,  that  nearly  all  anch  worms  were  either  maimed  in 
some  way  or  fatatty  aick  before  the  ante  took  them  in  band.  1  am  sure  tbat  in  Texas, 
at  least,  the  good  tboy  all  do  is  more  than  overbalanced  by  the  evil  wrought  in  the 
work  of  the  '' Agricnltnial  Ante"  in  making  their  "cleariugs"  in  the  cotton  fields. 

Other  iimeetx.-^s  i  n  veal  i  gat  ions  with  reference  to  other  insect  enemies  of  the  Cot- 
ton Worm  were  not  so  thorough  as  in  the  case  of  the  ants,  my  instructions  not  de- 
manding it;  bnt  in  the  course  of  the  season  1  saw  on  doty  most  of  the  insecU  referred 
to  in  Bulletin  TSo.  3  of  the  United  Slates  Entomological  Commission,  and  nothing 
additional,  showing  that  the  work  of  tbeCommisaion  hod  already  been  quite  thorough 
in  this  direction,  for  Texas  at  least. 

The  only  thing  that  struck  me  as  particularly  new  under  this  head,  growiog  out  of 
my  i nve at i gallons,  was  the  idea  that  entirely  too  much  importance  is  usually  attached 
to  the  "natural  enemies"  of  the  Cottou  Worm.  Bo  far  as  mere  natural  history  is  con- 
cerned tliis  part  of  the  subject  is  worthy  of  dae  consideration,  of  course,  bnt  I  can- 
not regard  it  as  l>eing  of  any  particular  intereat  to  the  man  who  concema  himself  only 
ns  a  practical  cotton  planter.  What  cares  he  as  to  how  many  friendly  tiirds  or  inserts 
feed  upon  his  insect  enemies,  provided  there  are  not  enough  of  them  to  save  his  cmpf 
I  am  sure  that  enough  have  never  yet  appeared  to  save  the  cotton  crop  in  a  seiison 
favorable  for  the  growth  and  multiplication  of  Cotton  Worms;  and  1  am  also  sore 
that  enough  to  secure  such  an  end  never  will  appear.  This  beiug  the  oaae,  what  does 
the  planter  gain  &om  themi  They  leave  him  standing  exacuy  where  he  would  be 
found  standing  were  they  not  in  existence.  It  would  coat  him  no  more  to  poison  the 
plout-s  for  ihe  comparatively  small  addition  of  Cotton  Wotma  that  would  claim  his 
attention  in  case  these  "natural  enemies"  had  not  taken  their  share  than  it  costs 
him  as  it  is.  The  poisoning  to  be  effectaal  most  be  thorough ;  nothing  short  of  this 
will  ever  answer. 

Bnt,  possibly,  some  will  argue  that  these  "  natural  enemies"  may  appear  in  force 
80  large  as  to  hold  the  Cotton  Worms  under  check  in  such  seasons  as  are  not  other- 
wise ravorable  to  their  development.  If  argumente  of  this  character  ore  presented 
they  will  be  mere  speculations  ansnpported  by  facts.  Where  are  those  "natural  ene- 
mies" in  the  seasons  when  worms  do  not  injure  the  crop  1  One  never  sees  them  on 
such  occasions— one  never  will, 

I  contend,  without  fear  of  being  wrong,  that  the  appearanceof  these  "natural  ene- 
miea" iu  the  field  ia  merely  a  result  growing  ont  of  favorable  conditions  for  their  at- 
traction, or  for  their  own  mull. [plication,  and  thatniost  prominent  among  thcee  favor- 
able conditions  is  on  abundant  crop  of  Cotton  Worms  to  enpply  them  with  food.  It 
is  all  nice  enough  to  regard  them  in  the  light  of  friends,  which  they  are,  iu  a  certoiu 
neiise ;  i)erbapH  it  would  lie  better  to  reckon  them  as  our  gueste  who  have  dropped  in 
fcom  the  "hedgesntid  highways"  in  compliance  withonrwlshes.  o/ler  (Ac/suf  ka«beea 
tpraid,  but  who  would  never  have  thought  of  responding  to  onr  bidding  had  we  invited 
tnom  to  a  festal  board  made  up  of  empty  tables. 
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TUR   YXAST  raRUENT  RBMEDT. 

OI>edieQt  to  orders  ill  "  Supplementary  Instructions  "I  put  thisproiioBod  remedy  for 
'  the  Cotton  Worm  to  many  careful  testa,  employing  tiiree  prsdes of  yeast,  or  "  fcrmeiit," 
in  my  espcrimenlB.  No.  1  was  a  dnly  prepared  yoasi  obtained  from  a  brewery;  No. 
S,  the  same,  ohtaiued  from  a  bakery  ;  and  No.  3,  a  preparatiOD  made  by  myseli  after 
Professor  Willel's  plan  n«  laid  down  on  page  71  of  Bulletin  No.  3.  The  yeast  was  di- 
lated with  water  In  various  strengths,  and  sprinkled  upon  the  plants  and  worms,  both 
in  the  open  field  and  uniler  gauze-covered  boxes.  The  boxes  naed  were  large  dry 
goods  boxes  from  wbioli  both  top  and  bottom  had  been  removed.  They  were  placed 
over  living  )>laut8  in  the  lield  that  had  been  liberally  stocked  with  worms,  and  sprink- 
led with  the  preparations,  after  which  a  thin  cotton  gauze,  as  mosqnito  barring,  was 
taekcd  over  the  top  of  eaeh. 

The  I'losest  possible  attention  nae  given  t«  these  ezpertments  through  an  ample 
lapse  id  lime  i'or  Iht'ir  perfect  development.  Nothing  resulted  to  indicate  that  the 
remedy  wiis  of  any  value  whatever. 


The  powder  used  by  me  in  mv  experiments  was  the  California  preparation  some- 
timvH  seen  upon  the  market  na  "  Bubach."  I  began  operations  by  inverting  two  glara 
tnmblerx  opon  several  thicknesses  of  soft  paper,  and  placing  under  No.  I  five  grains 
of  pyrethmm  powder,  dry,  and  under  No.  3  the  same  <]nantity  mixed  with  water  to 
a  thin  paste.  Next  I  placed  under  each  tnmbler  two  lively  Aietia  moths  taken  from 
my  br<'i'diug-box.  Tlio  ii  otba  flew  iiji  and  took  positions  iminediately  under  the  bot- 
toms of  Ihe  invertml  tumblers. 

One  minute,  all  the  motbH  were  seen  to  be  Bhaking  or  twitching  their  wiugs.     Fivp 
minutes:  all  had  fallen  to  the  paper.    When  1  struck  upon  the  tumblers  with  ray  band 
they  fluttered  Up,  but  itumodiately  fell  back  again,  having  apparently  lost  the  power 
of  holding  to  the  sinns  with  their  feet.     Fifteen  minntes:  both  uioCbs  in  No.  1  wire    . 
inablo  to  fly  np  when  I  stmck  upon  the  tnmbler,  but  lay  upon  their  backs  and  moved 


their  feet  slaggiBhly,  as  if  in  the  act  of  walking.  No.  2  flew  up  the  sides  of  the  ti ... 
bier  and  f^ll  buck  o«  usual.  Thirty  minutes:  No.  2  could  rise  uo  more;  each  of  the 
four  was  lying  upon  its  back,  slowly  moving  its  feet.  In  six  hours  all  wuro  dead, 
Ho.  1  dying  abiint  half  an  hour  sooner  than  No.  2. 

This  seems  to  prove  that  the  dry  powder  ts  more  prompt  in  ita  action  than  when 
moistened  with  water. 

At  early  twilight  I  closed  niy  windows  and  turned  loose  in  my  Toomeix  lively  Alotia 
moths,  after  having  dusted  upon  the  bead  and  thorax  of  each  a  very  small  quaotity 
of  dry  pyrethruui  jiowder.    Tney  flew  up  and  settled  about  the  ceiling  aud  windows. 

t'ive  miuuteit:  eavb  shoivcd  that  peculiar  twitching  of  the  wings  that  had  been  Keen 
early  in  the  conrse  of  the  ]irecediug  experiment.  iTfleen  minutes:  three  were  down 
ou  the  floor  unable  to  rise.  Twenty-five  minutes:  all  were  down  and  helpless.  I  col- 
lected them  in  an  opeu  wash-howl ;  next  moniing  all  were  deod. 

Sprinkled  two  rows  of  cotton  running  across  a  square  acre,  with  pyrethrnm  powder 
in  water  at  the  rate  of  one-funrth  of  anonnce  to  the  gallon ;  also,  two  rows  with  the 
same  at  the  rate  of  half  an  ounce  to  the  gallon.  The  plants  were  heavily  stocked 
with  worms  in  almost  every  stage  of  growth,  it  being  late  in  the  season  when  the 
broods  were  not  marked  with  much  regnlarity  as  to  time.  The  weaker  solution 
thinned  ont  the  worms  somewhat,  but  did  not  give  full  satisfaction;  the  stronger 
solution  entirely  cleared  the  plants — next  day  not  a  living  worm  waste  be  found  npou 
the  rows  sprinkled  with  the  stronger  solution,  though  there  were  plenty  of  dead  ones 
til  be  seen,  usualiy  upon  the  ground. 

1  made  a  dusting  implement  by  fitting  the  pipe  of  a  small  hand- bellows  into  a  small 
lin  box,  and  perforating  the  top  of  the  box  with  many  minute  boles,  A  dry  powder 
p1ace<l  in  the  box  could  be  forced  through  the  perforations  by  working  the  bellows 
with  care,  thus  enabling  one  to  spread  it  quite  thinly  and  evenly  over  the  leaves  of 
plants.  With  tlUH  I  dusted  two  worm-intested  rows  of  cotton  with  dry  pyrethruin 
powder  unmixed  ivith  anything,  at  the  rate  of  abontone  pound  to  the  acre,  throwing 
it  as  mnch  as  possible  against  the  undersides  of  the  leaves.  This  brought  no  satis- 
factory results,  which  was,  I  take  it,  on  account  of  the  extreme  lightness  of  the  pow- 
der preventing  it  from  flying  with  force  sufficient  to  stick  to  the  leaves,  and  also  en- 
abling a  very  large  proportion  of  it  to  float  ofi'  upon  the  air.  1  subsequently  applied 
it  in  the  same  way  mixed  with  dry  London  purple  at  the  rate  of  one  pound  of  the 
]>urple  to  four  ounces  of  pyrethruui.  This  gave  it  weight  and  consequently  a  better 
sticking  capoeit.v.     The  result  was  very  gooil — in  from  two  to  three  days  not  a  worm 

I  conducteil  ui.iiiy  '■\))erim<'nts  with  pyret  brum  looking  to  a  fixing  of  its  volatile  prin- 
ciple, so  that  it  might  be  applied  in  the  open  field  and  made  mure  lasting  iu  ils  eflecta. 
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While  not  poeittve,  I  ftm  etnmgl;  iuollned  to  the  opinion  that  I  hare  hit  Dpoa  aom- 
Ihingthatwlllptove  all  that  iareqalredin  that  direction.  ItooDiiBtBiasuuplTiniiiiig 
Ihe  powder  vlth  a  solutioa  of  etarch  prepared  and  cooked  aa  for  use  iu  tbelanndij, 


eutirelj'  tnuupareot. 

Several  timee,  }ast  before  leaTioo  Texae,  I  put  this  preparstion  to  taot  nifh  fine 
results,  thongh  time  did  Dot  admit  of  mjr  making  the  experiment  as  tbonmgliMl 
could  have  wished.  Tbe  experiments  that  I  did  make  oonaisted  in  aprinkliiiB  mUod 
plants  wit4i  the  starch  aod  pyrelhmm  mixture,  and  then  stoeking  tnem  with  ironni 
two  or  three  days  afterwards.  In  each  eaae  the  worms  fed  npon  the  starched  keTCi 
and  died. 

1  expect  tliis  to  cross  the  views  of  many  who  hold  that  pyiethrnm  does  not  kill  b; 
going  into  tbe  stomach  ;  I  shall  not  contend  that  it  does.  All  I  letioui  about  tbe  niit- 
tor  is  that  the  worms  fed  upon  my  pyrelhrtim  and  starch-sprinkled  plonta  and  died 
very  soon  afterwards.  It  is  evident  that  the  starch  drying  over  the  porticlw  of  i>J- 
rethnim  hwl  sealed  them  np,  and  pnitecteil  them  from  the  atmosphere.  Each  pw- 
ticle  was  incloaed  in  a  minute  capsule,  aa  It  were,  and  it  does  not  appeal  impossible 
that  tbe  worm,  in  its  feeding,  may  have  out  open  one  of  these  capsules  and  udtiI- 
tiugly  liberated  the  death-dealing  principle  confined  within,  thna  exposing  itself  10 
the  effect  without  having  eaten  any  of  the  contents. 

On  rQaohlng  home  1  found  some  very  large  caterpillars  (3phi»x  aitalpa)  feedil^ 
upon  my  seedling  Catalpa  trees  in  the  unraery  bed,  and  wishing  to  see  what  p^rftli- 
rum  would  do  for  these  worms  1  deposited  a  mere  speck  of  the  powder  upon  the  besdt 
or  bodies  of  some  of  them.  In  about  five  minutes  they  had  discovered  that  some- 
thing was  wrong,  and  were  beginning  to  flirt  themselvrs  at>ont  after  tbe  manner  af 
such  worms  when  a  parasitic  fly  is  troubling  them.  A  green  jnico  was  forced  from 
-  their  months  and  thrown  over  their  bodies,  but  all  in  vain— in  a  few  boars  tbey  ««" 
dead.  And  the  singular  manner  in  which  they  disposed  of  their  own  "mortal"  re- 
mains interested  me  exceedingly— they  never  fell  t«  the  gronud,  but  invariably  biuf; 
tboirhendsover  the  petiole  ofa  leaf,  let  BO  with  all  their  feet,  and  died,  leavioe  U^ir 
bodies  thus  strangely  suspended,  where  they  were  t«  be  been  for  days  afterwaids. 

Wishing  to  furUier  test  my  starch  and  pyrethrum  mistare,  1  selected  a  yonngcl- 
talpa,  growing  some  distance  away  fiKim  the  main  bed,  and  sprinkled  the  under  aida 
of  Its  leaves  with  the  mixture,  intending  to  stock  it  a  few  days  lat*ir  with  woro* 
That  night  heavy  rains  fell ;  in  fact  it  rained  heavily  and  almost  incessautlyforsev- 
eral  days,  at  tbe  end  of  which  time  the  worms  were  about  all  gone  for  the  seaBnn. 
Of  course  it  was  but  teasouable  to  suppose  that  the  mixture  was  all  washed  from  tbe 
yonug  catalpa  under  experimont,  and  that,  therefore,  my  test  was  ruined ;  it  vaa  do* 
too  lat«  to  begin  it  anew.  Finding  three  worms  on  some  of  the  other  plants  I  placed 
them  upon  the  catalpa  under  mention  and  went  about  my  business,  giving  the  nMt- 
ter  no  particular  thonght  further.  This  wasinthemominD  ;  in  the  evening  I  cbsDred 
to  pass  tbe  same  wfty,  and,  judge  of  my  surprise,  there  hung  the  three  nomia  from 
the  Icaf-stallia  of  tbe  yonug  tree,  dead.  On  examination  Ifound  where  each  badeftlen 
a  small  portion  of  a  leaf. 

OTHXR  VEORTABLK  POIBOMB. 


prooch  towards  it  in  value  as  an  inisectlolde.  Under  thjs  stimulus  f  put  to  practiril 
test  a  large  onmber  of  plants,  some  of  them  botanically  related  to  pyrethrum  inn 
many  otherwise.  My  conrse  of  procedure  was  to  dry  and  pulverize  the  flowers  soil 
leaves,  and  apply  the  powder  ho  obtained  on  the  plan  usually  resorted  to  with  pyrein- 
tnm.  I  regret  being  forced  to  report  that  my  efforts  in  this  direction  were  wholly  nn- 
reworded ;  I  found  nothing  that  denerved  to  rank  higher  than  a  mere  temporary  Nn- 
uoyance  to  Cotton  Worms,  driving  them,  to  some  extent,  but  not  killing  tMio. 

ARSENICAL  POISONS— LOEn>ON  PURPLZ. 

1 1  has  been  published  that  Iiondon  purple  suspended  in  water  at  the  rate  of  '■*'',? 
pound  of  the  former  to  forty  gallons  of^the  latter,  and  sprinkled  over  the  plant*  wj"™ 
prove  entirely  effectual  ns  a  poison  for  destroying  the  Cotton  Worm.  In  the  hands  w 
a  professional  scientist  so  small  a  proportion  of  poison  miebt  be  made  to  act  very  neiJi 
but  experience  and  observation  in  Texas  has  convinced  mo  that  it  Is  too  smaU  i'" 
gencr^il  uao  among  planters,  especially  with  the  rode  kind  of  machinery  n"*  f"™" 
monly  em|iloyoil  tor  pultinp  It  upon  the  plants.  Tbreo-fourths  of  a  pound  *"'*"% 
gallons  is  a  proportion  small  cnongh  for  the  poison.  This  will  destroy  the  wonnsi^ 
if  well  and  evenlv  put  on  will  never  injure  the  plants— in  fact,  one  pound  to  fonj 
gallons  will  work  no  iitjury  to  the  plants  worth  naming  if  kept  weU  Btixied  ap  »  *" 
water,  and  thrown  finely  and  evenly  over  the  cotton. 
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Iin»d«aomeoureftilexperime>it«  witiLdryljaiidoD  parple,  audilnt«d  vithanythiDi;, 
for  the  pnrpOM  of  deciding  wbether  or  QOt  it  coold  be  applied  euccesafully  and  maae 
efieotnid  in  this  oondltton.  The  itnpleinent  employed  ia  tbe  applioatioua  wati  the  bel' 
lowB-ABd-box  UTUigeiuent  already  meutioced  in  conoection  with  pyrethmm.  With 
this  I  doAted  doable  lowaofootttm  punts  acroM  asqnaie  acre,  tbe  worms  upon  them 
being  in  Btrong  force : 

No.  1,  under  side  of  leaTea  at  tbe  rate  of  two  pounds  of  porple  to  tbe  acre;  No.  2, 
same,  at  tbe  rate  of  three  poonds  to  the  aero,  and  No.  3,  thrown  over  the  plants  gen- 
erall;  at  the  late  of  two  pounds  to  the  acre.  All  the  joun^  worms  still  on  tbe  under 
sides  of  the  leaves  of  Nos.  1  and  2  were  promptly  cleared  off,  bnt  some  large  ones  re- 
mained for  several  days  on  the  upper  sides  of  the  leaves,  tbongb  they  did  uot  seem  to 
be  feeding.  The  leaves  were  more  or  lees  scorched  by  the  poisou,  especially  on  the 
rows  dnstad  at  the  rate  of  three  pounds  to  the  acte.  Bnt  tbe  rows  dusted  promis- 
cnonsly  at  tbe  rate  of  two  pounds  to  the  acre  showed  the  best  results — the  worms  were 
all  cleared  o&',  while  very  little  damttfe  was  done  to  the  foliage. 

Of  oonrae  a  good  ileul  of  the  scorching  may  he  charged  to  the  rudeness  of  tbe  im- 
plomeut  with  which  the  applioatioue  weromade,  it  not  distribntiiigthe  powder  with 
entire  regularity.  But  even  so  imperfect  a  test  settle  it,  la  niy  mind,  tbat  there  in 
really  uo  ueed  of  diluting  liondou  purple  with  anything  save  aii—a  machine  can  be 
iuveutti'l  that  would  apply  it  in  this  condition  as  Bucceasfnlly  as  in  any  other.  My 
idea  of  such  a  uiacbiDe  pictures  soniethtDg  on  tlie  plan  of  the  revolving  "  fan  "  or 
"  blowf I' "  used  by  blacksmiths  or  foundrymeu,  with  an  attachment  quali&ed  to  feed 
the  dry  purple  in  f^oni  a  bopper  only  just  no  fast  as  needed.  I  tbiuk  such  n  machine 
o&n  be  gott«n  up  easily  and  with  very  little  <:ouipli  cation  iu  either  its  construction  or 
manner  ut'  working. 

With  a  view  to  testiug  whether  or  not  the  motka  of  Aletia  are  killed  by  the  appli- 
cation of  London  purple  to  the  plants,  I  aflixed  two  large  dry-goods  boxes  each  over 
a  small  living  cotton-plant,  as  in  the  yeast  experiment.  Tbe  plant  in  No.  I  was  care- 
fully sprayea  on  the  under  sides  of  tbe  leaves  with  Loudon  purpFe  in  water  at  the 
rate  of  tbree-fourtbs  of  a  pound  to  forty  gallons.  Nothing  was  put  upon  the  plant  in 
No.  2.  Under  each  gan^e-covered  box,  with  tbe  planta,  were  placed  twelve  lively 
Aletia  motbs,  taken  from  my  breeding  box,  where  they  bad  been  two  days  without 
food.  Next  day  found  six  motbs  dead  in  No.  1  and  iwo  dead  in  No.  2.  And  the  nexl 
day  fonnd  three  dead  in  No.  1,  and  none  dead  in  No.  2.  Replaced  tbe  dead  motbs  with 
living  specimens,  after  having  nprnyed  iHith  plants  promisononsly  with  tbesameiuix- 
tnie  as  used  at  the  beginning  of  the  experiment.  Nex^  morning  found  four  moths 
dead  in  No,  1  and  seven  in  No.  2, 

At  tbe  time  of  the  soaBon  when  tbe  Boll  Worm  was  most  actively  at  work,  I  mnde 
an  experiment  looking  to  a  decision  ns.to  whether  or  not  sprinkling  the  plants  with 
London  purple  had  any  bad  effect  upon  that  insect  after  it  had  ceased  to  feed  npon 
tbe  leaves.  Selevtiug  several  heavily-fniited  plants,  I  spread  dry  London  purple  care- 
fhlly  over  the  boUii,  applying  It  thinly  with  a  oamel's-hair pencil.  It  protected  every 
bolt.  While  a  large  per  centnm  of  the  bolls  on  all  the  neisbboring  plants  were  af- 
terwards bored  into,  not  one  to  whiob  I  bad  applied  tbe  London  purple  was  damaged 
in  the  least . 

I  applied  London  purple  to  many  eggs  of  Aletia,  spreading  it  thinly  over  them,  dry, 
with  a  camel's-hair  penciL    I  think  It  destroyed  every  egg  so  treated. 

PAIUB  OBSRN. 

Ily  experiments  with  this  article  were  limited  to  a  few  applications  made  with  the 

Cisou  suspended  In  water  for  the  purpose  of  determining  bow  small  a  quantity  could 
made  eseotnal  as  a  destroyer  ofihe  Cotton  Worm.  Tlie  poison  was  obtained  of  a 
dealer  in  Qalveston,  and  was  supposed  to  be  as  pure  as  any  on  tbe  ireneral  market.  It 
gave  entire  satisfaction,  mixed  in  the  proportion  of  one  pound  of  Paris  green  to  forty 

fallonsof  water,  and  thrown  over  tlie  plants  promiscuously  with  a  force  pump  in  finely 
Ividedjets;  bnt  less  thau  one  pound  did  uot  prove  a  decided  success.  Tbisqu&ntity 
entirely  cleared  off  the  worms,  and  did  uot  «eem  to  iitjure  the  plants  in  tbe  least.  I 
added  neither  Btucb  norflonr,  but  to  one  application  I  added  common  salt  in  the 
proportion  of  two  pounds  to  tbe  forty  gallons  of  water.  The  salt  gave  a  greater  speoi- 
no  gtftvity  to  tbe  water,  thus,  as  I  tbongbt,  aiding  in  the  suspension  of  the  Parts 


The  poison  employed  in  thes»  experiments  was  tbe  common  white  arsenic  (^Aeiduiit 
artmlenm),  co«tljig,  landed  in  Texas,  from  ^  to  4  cents  per  pound  by  the  barrel. 

The  first  three  teiitH  were  made  with  the  poison  in  a  dry  staff,  apptieit  nndiluli-d  to 
the  plants  by  means  of  tbe  betlowa  iliisting-iinplemeut  already  describt'il.    Kacti  ex- 
periment covered  two  rows  of  coltoii  rnuning  across  »  square  aere,  and  wi-ll  utiK-ki-d 
with  worms  in  vnriou«stagfK  ofgi-owtli. 
GS  CONG— AP 3 
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No.  1,  throwD  agoiaHt  the  under  eidei  of  the  lenvM  at  tbe  rate  of  2  poimcU  of  drv 
araenio  to  the  acre ;  No.  2,  eame  qoantitji  thrown  promiBooonsly  over  the  plants,  tb« 
npper  sides  of  the  leaves  gettmg  the  larger  share,  of  ooane,  and  No.  :i,  apnUed  in  thr 
aame  maaoer  as  No.  2,  at  the  rat«  of  1  pound  to  the  acre.  Nos.  1  and  '2  destroyed  all 
the  worms,  but  bomed  the  leaves  of  the  planta  badly.  No.  3  showed  only  a  partiil 
clearing  ont  of  the  worms,  while  the  leaves  of  the  plants  were  more  or  less  sconibed. 

fennanent  solntion  was  made  b^addioz  to  5  gallons  of  water5  pounds  of  atseuio 
ponnd  of  sal  soda,  and  Irailing  over  a  flie  in  a  oommon  iron  pot  until  all  tbe  ar- 
senic was  diseolTed.  This  makes  a  solution  of  arsenic  that  will  keep  for  any  Iingth 
of  time  without  the  slightest  precipitation. 

Of  this  solution  I  quart  was  put  into  40  gallons  of  water,  which  wa«  then  sprinkled 
over  the  cotton-plants  in  the  nsaal  way.  It  destroyed  the  worms,  whioh  wars  ia 
strong  force  when  the  apptioatJon  was  made,  leaving  tbe  plants  nnli^ared  to  any  ei- 
t«nt  worth  naming.  Several  ^milar  te8t«  were  made,  all  with  nniform  saeixm. 
Fottj  gallons  were  found  amply  safiBctent  to  go  over  an  acre  of  cotton  of  ordinary 

Here  we  have  a  remedy  with  whieh  we  ca 
at  a  cost  of  li  cent  per  acre,  rating  the  price ^ 

of  aal  soda  at  5  cento,  which  would  be  very  high  fur  the  latter.  This,  it  st 
is  whittUng  the  matter  of  cost  down  to  a  point  decidedly  fine.  Of  coarae,  there  mnnt 
be  add«d  to  the  cost  of  the  drugs  the  further  cost  of  preparation  and  anplioatiou. 
The  cost  of  application  can  be  no  greater  than  that  of  applying  any  other  liquid  reni- 
ed; ;  indeed,  it  should  not  be  so  neat  as  in  the  case  of  some  of  them,  owing  to  tb« 
bot  that  tiie  liquid  is  a  perfect  solution,  and,  therefore,  will  not  require  the  uiUtion 
ne«eeeary  to  keep  Insoluble  poisons  in  suspension.  The  cost  of  preparing  the  satu- 
rated solution  might  be  put  down  as  a  very  small  item  against  arsenio,  but  I  tbiak 
this  ia  more  than  offset  by  the  advantages  of  having  a  perfect  solution  at  the  amplica- 
tion ;  then,  sincn  the  saturated  solution  will  keep  an  indefinite  length  of  time,  it  may 
be  prepared  st  odd  spells,  when  there  Is  nothing  else  in  particular  to  do. 

I  am  aware  that  a  stroug  prejndice  exists  against  tbe  use  of  arsenic  as  nu  insecti- 
cide, the  prejudice  ffrowin^oiit  of  the  mere  fact,  doubtless,  that  arsenic  is  well  known 
by  name  as  a  deadly  poisou.  Many  persons  who  use  London  purple  or  Paris  green 
upon  their  cotton  without  fa  KSitation  could  uot  be  induced  to  use  "arsenic"  nnder  any 
oonsideration.  They  would  t*;ll  us  that  to  tamper  with  so  virulent  a  poison  as  aiwulc 
is  extinmely  dangerous,  while  theT«  is  no  particular  danger  attending  the  useaf 
eitherof  the  other  two  articles  named.  Nothiucouuldbemorefoolish!  1  nant  tbal 
it  would  not  do  to  ns«  a  solntion  of  arsenic  for  diinkinK  purposes,  nor  fur  uhorteninf; 
one's  biscuit,  neither  wonid  it  do  anv  better  to  so  use  the  water  holding  in  Hnspenaioo 
an  insect-destroying  quantity  of  either  Louden  pnrple  or  Paris  green.  The  thiM 
poisons  are  really  one  and  the  same  thing  after  all,  the  agent  in  both  London  pnipte 
and  Paris  green,  qna1lf;i]i|{tfaenito  destroy  Cotton  Worms,  being  arsenic  and  nothing 
else.  Remove  the  araenio  muu  them  and  they  would  be  no  more  effeotual  as  iDaecti- 
oides  than  powdered  obalkor  oommon  road  dost.  They  ate  all  deadly  poisons  aliks, 
taken  into  the  atomach — keep  them  ovt  of  that  organ,  and  there  ia  no  danger  in  any 
of  them. 

The  planter  who  nwB  araenio  as  an  insecticide,  preparing  it  iu  advauceasBuggntAd, 
should  have  a  good  wbiaky  vr  oil  barrel  for  containing  bis  solution  nu til  wanted. 
This  might  be  painted  some  bright  color  to  Htrongly  distinguish  it  from  all  otlirr 
barrelson  the  place,  and  it  would  be  well  to  have  t  tie  word  "arsenic"  or"p4>iei>a 
panted  (not  danlied)  in  large  plain  letters  upon  its  side.  With  such  procantiou  as 
this,  and  keeping  the  barrel  well  bnnged  and  out  of  the  way  of  small  children  mid 
live  stock,  there  conld  certainly  ho  no  attendant  danger. 

The  rule  which  I  have  given  for  preparing  the  second  solution  might  not  hold  good 
in  every  instance  oa  acconnt  of  vuiation  in  the  quality  of  arsenic,  due,  possibly,  tn 
adulteration.  A  guud  and  safe  way  to  set  this  thing  riiht — one  that  every  planter 
will  anderatand— is  to  uake  small  teeto  in  advance  of  the  general  application  sa  lul- 

"~  "  er  160  raeaauree  of  water  and 

)u  the  proportion  of  one  quart 
inkle  this  thoroughly  over  iiw 
■      If  no  sign  ia  left  upon  the 

iULie  i>«r^r  piupuriiiuu  oi  tue  HaLursueu  iwiuuuu.  xi,  uu  iruv  ouier  nanu,  uvi  plants 
show  the  leaves  considerably  scorched  and  damaged,  the  solution  is  too  atmng,  anil 
yon  must  repeat  with  a  reduced  proportion  of  the  saturated  solution,  meuauring  "tiu 
great  care,  however  so  that  you  wiU  be  able  to  come  exactly  at  the  ext«ut  of  addi- 
tion or  reduction  when  yon  make  your  diluted  solution  on  a  larger  scale,  ^^t^'c 
your  applioaljou,  you  find  the  leaves  showing  only  an  extrem^y  slight  man^l 
scorch— an  occasional  leaf  oorled  a  little  at  the  edge,  perhaps,  and  a  small  brovn"" 
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Of  " piebftid "  spot  here  and  there  on  some  of  their  interiorg—jonr  aoliition  is  Jiiiit 
right.  These  verj^tBligbt  scorches  aie  whftt  yoa  want  to  see — while  the;  nill  not 
dumageyonr  orop  in  the  least,  they  will  aHsnreyon  that  yoa  areKiving  the  wbrms  a 
dose  snffleienUy  strong  to  make  a  rapid  and  thorough  finish  of  their  work  as  cotton 
destroyers.  With  your  solution  at  this  strength  you  need  have  no  fears  of  ivjnnDg 
your  planW,  put  it  on  as  you  may ;  for,  ual&e  a  liquid  merely  holding  a  poison  in 
saapensioiK  every  drop  applied  is  uie  same  in  its  effeet. 

fiespeotnill^  BDbmitted,  January  1, 1881. 

J.  P.  STELLE. 

Prof.  C.  T.  RaxT, 

Chi^f  JJ.  3.  Bnlomologieal  Coamittion. 
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APPEIVDIX  IV. 

BBPOBTS  OF  DE.  E.  H.  ANDEESON. 

REPOBT  FOS  1880. 

Cantok,  Mias.,  Octobtr  SO,  1B80. 

Sir  :  As  yonr  appointee,  I  have  the  bonor  to  make  the  foliowiag  report. 

After  diligent  searoh,  commeDcing  an  early  as  the  middle  of  Jone,  I  siiw  no  biku  of 
Aletia  nntil  the  firat  week  in  ADKntit,  and  then  in  my  locality,  Kirkwood,  Misa.,  fonoil 
bat  one  larva,  that  fnll  grown  and  on  the  top  of  the  pl:uil<.  On  the  other  hand,  from 
the  Istof  Jnty,the  visitation  of  the  Boll  Worm  was  made  manifest,  and  from  then  until 
the  preseDt  time  it  has  continned  its  destructive  opeintionH,  doing  about  the  nsual 
amonnt  of  dajnooB,  and  probably  shorteuing  the  crop  10  per  cent.  DoHng  my  inves' 
tieation  in  July  i  fonnd  several  wonns  upon  the  cotton  leaf,  one  among  which,  wliili' 
I  had  it  in  my  band  on  the  ieaf  upon  which  I  fonnd  it,  commenced  ta  web  np,  and 
while  engaged  in  this  would  apparently  stop  to  uther  fiber  from  the  nnder  snifacc 
of  the  leaf  with  its  mandibles,  throwin);  its  bodv  from  Hide  to  side  as  it  apun  its  web, 
and  woald  occasionally  stop  and  eat  a  circular  &ole  through  the  leaf,  such  as  we  fre- 
quPDtly  find  early  in  the  aeason,  and  mi^ht  suppose  to  l>e  the  work  of  the  Cotton 
Worm,  but  the  circular  form  should  diAtinguiab  it  from  the  Cotton  Worm,  as  Aletia 
alwa;rs  eats  along  a  line.  I  found  other  small  worms  alao  webbed  uj)  in  termioal 
shootA,  bnt  the  li^ury  to  cotton  so  slight  as  to  be  inappreciable.  Finding  that  Ale- 
tia had  not  visited  my  locality  by  the  20th  of  August,  and  judging  from  the  low  tem- 
perature of  the  season  that  we  would  have  them,  th^  worms,  in  too  small  numbers  fbr 
experimental  purpoaes,  I  went  to  Canton,  where  I  had  heard  of  them,  and  where  they 
are  altooat  annual  visitors,  though  this  season  coming  too  late  to  do  much  damage. 
Tliey  were  first  discovered,  as  I  learned  through  .correspotidenco  with  the  proprietoi' 
where  they  ware  found,  on  June  23,  and  he  informs  me  that  they  have  been  annual 
visitors  for  years  past.  His  place  is  elevated  and  undulating,  having  a  re<l  day 
Rabfltratnin,  and  consequently  retains  moistnre  well,  and  his  system  of  culture  is  flat. 
in  order  to  prevent  washing.  It  is  bonnded  on  Ihe  north  and  imrthwest  by  woodland 
and  has  an  orchard  and  grove  on  the  south,  elsewhere  open  aud  bare.  The  worniK 
fiist  modfl  tbeir  anpearanoe  on  one  of  the  most  elevated  spots  in  the  field,  the  tirsl 
brood  eating  t«  a  limited  extent.  At  a  later  period  they  were  disuovered  at  another 
point  on  a  uighC  declination,  and  extended  their  area,  and  still  later  on  the  top  of  the 
ridge,  widening  their  area,  and  liually  were  to  be  fonnd  all  over  the  cotton,  but  too 
late  t»  do  actual  damage.  Let  it  be  borne  iu  mind  that  thislii;ld,  ur  rather  this  plonta- 
-  tion,  had  been  diligently  workeil  and  annually  fertilized  to  Bonie  extont  lioth  with 
cotton  seed  and  compost,  and  although  the  com  laud  received  the  fresh  manure,  thu 
system  of  rotation  of  crops  gave  the  cotton  the  benefit  of  the  prpviouu  year'H  manuring, 
and  by  leaching  all  received  a  proportion  of  the  tieuelit.  Thoae  who  advocate  thi' 
theory  thatthe  saconlent  and  Inxurjant  condition  of  the  plant  such  as  is  oftenest  fonnd 
in  low  and  wet  spots,  and  where  an  exuberance  of  nectar  might  be  fouud,  is  mori' 
inviting  to  the  motba,  would  find  it  difQouIt  to  explain  why  they  were  fouud  onthesi' 
elevated  apote  referred  to  and  similar  spots  reierred  to  by  Mr.  Trelease  in  his  report 
of  1879.  Those  who  favor  the  ant  theory  could  not  bo  well  see  or  explain  why  thi- 
auts  did  not  prevent  the  iDcrease  of  the  worm  on  these  elevated  ridges  where  there 
was  DOthlnx  to  pnvent  tbeir  building  hills  and  pursuing  their  predatory  habits. 

I  admit  that  the  worms  are  oftener  found  in  wet  spots  than  elsewhere,  aud  I  tbinl< 
for  an  obvious  reaaou,  but  I  cnnnot  assent  to  the  proposition  that  tbi'y  first  appear 
KAtuntlly  in  aneb  epots.  Early  in  the  season,  I  thiiik  they  would  bo  found  where  thi' 
Ban  had  f^est  aeoess  to  the  cotton,  and  where  fertili/ers  hiul  ntimulated  its  growth, 
and  this  wonid  more  likely  be  upon  elevations.  Upon  such  cotton  have  I  found  the 
first  worms  the  Past  two  seasous.  Thongh  the  que»tion  of  hibematiou  is  still  unset- 
tled, Professor  Riley's  investigations  have  rcudRreil  it  almost  certain  that  it  appears 
mtu^  earlier  in  tiie  •eaoon  here  than  had  been  previously  supposed,  and  asfall-grown 
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worujs  anil  ohrysalides  have  been  fbnnd  in  thle  latitude— 33°  N.—aa  eariy  »« the  Kd 
of  June,  thu  pruaamptioD  is  tliut  diligeut  iearcb  nonld  reveal  them  Btill  earlier,  and 
the  ooocliiHieii  is  irresiBtible  that  they  pass  through  oar  winter  in  gome  ronii,aiid  an 
developed  by  the  first  hot  weather,  aud  from  thence  continue  thoir  traaafonnatiaus. 
accelerated  or  retarded  b;  meteorological  influeoces,  to  the  end  of  the  mhou.  As  1 
kuow  from  practical  cxp^rLment  that  the  teinperfttare  of  the  air  near  the  earth  in 
Inareaned  by  stirring  damp  or  wet  soil  (see  p.  147,  Patent  Office  Report,  1870),  and 
also  by  the  decompositrou  of  fertiliisnble  matter ;  and  as  the  hatching  of  the  egg  is 
dependent  npon  a  certain  degree  of  heat  and  moiatare,  I  can  readily  apprehend  bow 
in  eBiljr  hot  weather  the  few  egge  that  may  be  placed  upon  the  plant  ma;  be  epeedilv 
hatched.  In  the  cases  cited,  where  the  worms  appeared  upon  elevations  in  Jnnc,! 
think  it  was  due  to  the  oombiiied  causes  of  artificial  heat  from  deconipuBition  offer- 
tilizBble  matter  and  stirring  damp  soil.  The  difficnlty  in  bridging  the  gap  fitiiii 
March  to  the  tirat  appearance  of  the  worm  in  cotton,  referred  to  by  Professor  RLlay  in 
BuUettn  No.  3,  p.  3H,  may  be  solved  on  the  theory  that  the  worm  is  hatched  out  nnder 
favorablecircunistancea  during  warm  spellsfnApnl  and  May,  but  in  sncbamallnnniben 
as  not  to  be  noticeable.  If  we  aiwnme  the  fact  that  they  are  not  hatched  out  until  cotton 
has  attained  a  certain  growth,  and  that  they  will  eat  nothing  but  cotton,  the  qaeeli'in 
may  be  asked,  On  what  does  the  larva  of  the  cotton  moth  feed  that  haa  been  foand  on 
peachee,  watermelons,  and  other  fruits  in  the  North,  where  reliable  entomologists  say 
they  are  fonndf  Later  on  in  the  season,  the  speedy  evaporation  of  dew  and  tain  id 
showery  weather  into  vapor  constitnUw  the  true  cansea  of  ordinnrT  aolar  hatching, 
and  I  believe  the  egg  of  Aletia  to  be  oa  dependent  npon  atmoapfaerlo  conditions  and 
long  terms  of  boat  and  dampness,  iinah  as  recur  only  at  irregular  intervals  in  this  lati- 
tude, for  ite  spread  over  large  areas  as  I  believe  the  germ  of  yellow  fever  to  be  ile- 
Kndent  for  its  production  and  dissemination  npon  similar  caiuee.  There  are  in  specwl 
^alities  so  many  modifying  agents  as  to  make  it  imposaible  to  apply  general  princi- 
ples to  all  alike.  Ignoring  rhis  foot  has  led  to  discrepancies  among  observeis  and  s 
diversity  of  theories  to  account  for  certain  observed  phenomena.  Take,  for  instance. 
the  more  frequent  appearance  of  the  worms  in  wet  spots,  and  their  development  tberr 
in  larger  numbers.  One,  as  Mr.  Davis,  of  Teiaa,  tor  inatance,  accounts  for  it  by  aay- 
piMiing  that  the  presence  of  the  worm  is  due  to  the  absence  of  the  ants,  their  oreh  de- 
Htroyem.  Otbera  attribute  it  to  the  Iniuriaut  and  snoculent  condition  of  the  plant  as 
funiieibiug  preferable  food  for  both  moth  aind  tarvn.  Each-one  of  tfceee  views  is 
Hustnineit  by  apparent  facta,  and  yet  all  combined  are  not  anfflciont  to  account  satis- 
fuclorily  for  a  jibenomenal  circnmBtanoe  which  we  often  witness,  and  which  has  been 
Mtningl.v  emphasized  by  Dr.  Pharos  as  a  remarkablu  topographloal  feature.  It  ia  th(> 
uurxpected  appearance  of  the  worm  in  wet  spots  or  limited  areas  in  snob  numbeis  iu< 
to  destroy  the  cotton,  stripping  it  of  all  its  leaves  and  young  bolls,  eating  up  to  a 
line  and  then  disappearing,  where,  as  he  says,  ants  were  on  both  aides  of  the  line  in 
like  numbers  and  the  plant  in  like  eondition.  This  striking  feature  has  been  noticed 
by  inyaelf  on  many  occaaione,  yet  only  after  the  land  bad  beeu  disturbed  by  the  plo*' 
while  in  a  wet  condition  ;  and  having  tested  by  the  thermometer  the  condition  of  the 
lower  stratum  of  air  after  plowing,  and  having  found  the  temperature  increased 
thereby  from  10°  to  12°  F.,  and  by  parity  of  reasoning  knowing  that  it  would  be  iu' 
creaaed  pr<iportionately  in  damp  soil ;  and  observation  through  a  aeries  of  years  hav- 


, t  heat  and  dampneBS  were  the  main  fautorainthe  hatching  pro- 

..ss(seep.  1»,  19,20,  in  Ballctin  No.  3},  I  havearriTedat  the  couclusioD  that  artiflcial 
heat  and  dampness,  thus  produced,  batch  ont  a  larger  number  of  egga  than  all  othei 
causes  combined,  and  the  reason  why  it  is  not  of  annual  occurrence  in  this  latitude  in 


that  a  high  degree  of  temperature,  alternating  with  showers  and  aunabiue,  mnst  pre- 
vail, and  this  is  only  of  periodical  occurrence.  Farther  South  this  condition  would 
characterize  the  seasoua  to  a  greater  or  less  extent,  particularly  along  the  Gulf  eowl 
und  Inland  up  to  a  certain  degree,orgofaraB,  owing  to  geographical  podtion,  the  ter- 
ritory was  nnder  the  Influence  of  the  worm  tropic^  winda  loaded  with  the  moistan< 
oftbeOnlf.  In  thla  more  southerly  belt,  I  have  no  doubt,  natural  causes  operate  I« 
produce  an  annual  crop  of  insects,  as  the  temperature  would  enable  them  to  pas" 
through  their  tranaformationf  continnousiy. 

The  advocates  of  the  ant  theory  all  likewise  advise  not  to  plow  wet  Bpat«  or  wet 
land,  for  the  reason,  as  tbey  say,  that  by  so  doins  the  anta  ore  disturbed  and  de- 
stroyed; but,  according  to  uiyobaervation,  there  will  beat  an;  time  bat  few  anlane^ 
quentiug  such  apots,  and  especially  earl;  in  the  season  or  before  midanmiuer  and  u)* 
midsii miner.  If  the  worms  have  been  developed  early  they  will  s]Mead  over  the  ™'' 
vated  lan<ls  iu  deapite  of  the  ants,  though  there  they  most  abound.  Entomolt^^ts 
have  ealublished  the  fact  that  the  ant  ia  in  queat  of  aweets,  though  almost  oinniver- 
ousin  itaa])|ietitB ;  and  oa  the  cotton  plant  ia  infested  with  inHectBthatseoretesweeUi 
as  well  as  uoctur  producing,  and  aa  the  ants  are  always  found  there,  whether  tben> 
be  any  wurtris  or  not,  the  conclusion  is  irresistible  that  a  worm  diet  is  elceptioDtl. 
and  iu  the  aggregate  amounts  to  but  little  in  the  way  of  protection  t«  the  crop.  I  hs>'e 
watched  the  an^  sipping  nectar  froni  the  bracts  of  the  May-pop  flower  M  **"  ** 
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otben,  bnt  never  aaw  them  attack  an  Insect.  I  bave  made  It  a  special  objeot  to  no- 
tice tJiebabtts  of  tbe  different  ineectavisiting  tbe  cotton  flower,  to  sattsffmyMlf  as  to 
its  lepnted  nectar  glands,  and  often  obaerred  bees  eapeciallf  vieiting  those  at  ibe 
base  of  the  involncie.  Tney  invariably  visited  each  gland,  passing  from  flower  to 
flower,  and  repeating  the  operation.  The  largerbees  confined  tbomselves  to  the  outer 
glands,  while  the  smaller  invariably  went  within  the  flower  and  came  ont  loaded  with 
pollen.  I  saw  the  Bull  Worm  moth  also  visit  the  enter  glands,  bnt,  though  having 
often  watched,  have  not  seen  the  midrib  gland  visited,  though  have  freqnently  fonnd 
it  filled  with  a  sweet.  The  nectar  glands  have  been  so  fully  and  ably  treated  by  Mr. 
Treleoae,  and  the  visits  of  the  moth  to  them  verified  by  Professor  Riley,  ss  to  eetah- 
liah  the  fact  and  reveal  a  new  feature  in  the  natnral  history  of  this  interesting  inseot. 

In  my  investigation  this  seaeon,  I  hod  the  opportunity  of  seeing  the  Jute  growing 
in  the  midst  of  cotton.  It  had  been  planted  in  May,  and  when  I  saw  it,  late  in  A.n- 
guat,  had  attained  the  height  of  8  to  10  feet,  and  was  luxuriant.  The  row,  abontSOO 
feet  lODg,  was  surrounded  by  cotton,  the  row  of  Jnte  rnnnini;  parallel  with  the  rows 
of  cotton,  and  the  worms  were  abnndant  on  the  cotton  in  the  midst  of  the  jute  and 
touching  their  leaves.    Its  efleot  was  nihil. 

Among  the  iusecta  found  eating  cotton  late  in  Angnst  was  fiotiimia  io,  the  Com  Em- 
Moth.  .  It  appeared  in  asmall  field  of  cotton  near  Canton,  and  would  doabtless 
'  inped  the  cotton  had  it  not  been  hand-picked  and  destroyed.     It  probably 


C. .....^ „...^™.  .. ,. , 

reached  the  cotton  by  migration,  aa  a  garden  adjoined  the  field.  Their  consplcaoos 
size  made  it  an  easy  matter  to  find  them,  and  beooe  their  destruction  conld  be  easily 
efieoted  by  brushing  them  ofl'  and  crushing. 

J  have  met  with  but  one  larva  that  I  did  not  reoognice  as  having  been  desorihed  by 
other  observers,  and  that  one  I  found  preying  upon  Aletia  larvee  in  the  act  of  pupa- 
tion, and  found  it  so  frequently  as  to  induce  me  to  think  it  qnit«  desbuotive  to  tnia 
insect.    This  I  sent  to  the  Department  for  identification. 

The  London  purple  was  tried  under  my  superrislon  in  two  ways,  wet  and  dry. 
The  dry  powder  was  mixed  with  colton-seed  meal  and  fioui  in  the  proportion  of  one 
to  thirty,  and  dusted  over  a  small  area,  and  in  a  short  time  the  worms  oeaaed  to  eat, 
sickened  and  died.  The  dry  process,  without  proper  sitters  or  dnsters,  would  be  im- 
practicable over  laiRv  areas,  and  withont  proper  dlBtribution  would  prove  injnrions 
to  the  plant  and  could  only  be  used  to  advantage  while  the  dew  is  ou  OTjnst  before 
a  ruin.  Its  effects,  however,  teem  to  be  oaito  permanent  as  the  worms  contiuaed  to 
die  for  wme  time  after  the  application,  tnongh  showers  continned  to  Jail.  The  dry 
application  would  require  greater  precaution  on  the  pwrt  of  the  operator,  and  may 
be  considered  lew  safe  than  the  wet.  The  wet  in  the  proportion  of  1  pound  to  40 
gallons  of  water  proved  equally  effective,  and  with  a  gowl  fountain  pnmp  may  be 
used  without  any  risk.  After  the  wet  application  the  woms  coutinned  to  die  for 
several  weeks,  thongh  neverol  hard  ruins  had  fallen  in  the  mean  time,  and  while  the 
leaves  showed  to  a  small  extent  the  effect  of  the  poison,  the  plant  Eenerally  re- 
tained Us  freahneas,  while  adjoining  iinsprinkled  cotton  was  strippiid  bore.  I  think 
the  result  of  these  Hiperimeota  will  inspire  coufidencii  in  the  use  of  poisons  in  this 
locality  and  do  away  with  much  of  the  pTejudioe  heretofore  existing  in  regard  to 
them,  especially  as  the  gentlemen,  Bmith-Vaniz  Brothers,  upon  whose  plantatmn  they 
were  made,  are  prominent  memhura  of  the  County  Agricultural  Club  and  intelligent 
and  skllAil  farmers.  As  to  Loudon  purple  as  an  insecticide,  in  the  proportions  above 
mentioned,  there  is  no  donbt  of  its  entire  efficacy,  and  aa  it  is  both  cheap  and  pertna- 
nent  in  its  operation  it  must  eventnally  oome  into  general  nse.  As  ray  opportunities 
for  experiments  with  poisons  this  season  have  been  limited,  I  should  have  occasion 
for  regret  did  I  not  know  that  abler  and  far  more  expert  hands  have  been  engaged  in 
this  work  elsewhere. 

By  direction  of  Professor  R'lej  I  have  given  more  attention  to  experiments  with 
pyretbrum  extract  and  yeist.  The  ouly  preparation  I  conld  obtain  waa  the  extract 
iDmished  me  by  Professor  B.  W.  Jones,  of  Oxford,  and  prepared  by  himself,  and  at  his 
enggeation  I  used  it  in  the  proportion  of  one  to  thirty  of  water.  This  I  applied  by 
sprinkling  over  the  worms  on  the  plants.  In  several  minutes  after  the  application 
the  yonnger  worms  ceased  to  eat  and  fell  to  the  ground ;  the  older  ones  ceased  like- 
wise to  eat,  and  in  three  or  fonr  minutes  commenced  writhing,  and  in  twenty  mi  notes 
all  were  on  the  ground,  and  soon  in  a  torpid  conditition  and  apparently  paralyzed. 
As  thia  was  done  in  the  aAemoou,  I  cannot  say  whether  they  revived  or  not,  though 
I  found  none  on  the  ground,  and  but  few  on  the  plants.  My  belief  is  t.bnt  they  died. 
My  next  experiment  was  upon  a  number  of  large  caterpillars  found  upon  a  rue  piaut. 
These,  though  greatly  larger  than  the  Cotton  Worm,  seemed  more  sensitive  to  the 
effects  of  the  pyrelhnun,  as  they  showed  great  irritation  at  once,  and  in  a  few  moments 
commenced  writhing,  and  lu  live  minutes  all  were  in  a  torpid  state  ou  t.liu  ground. 
There  were  twenty  on  the  plant.  On  my  return  in  ttvo  days  1  found  four  on  the 
plant  and  one  dead  on  the  gronnd. 

My  next  experiment  was  open  young  and  old  Cotton  Worms,  and,  as  in  the  first  caee, 
the  yonng  snccombed  in  a  few  moments,  and  the  older  ones  in  fifteen  minutes,  when 
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the]'  ceaaed  wiithic);  and  became  torpid  and  apparently  dead;  snbxeqitent  exaoiiii*- 
tioQ  proved  all  to  be  detid.  From  repeated  experiments  I  wonid  givo  it  an  my  opiuion 
that  Ibe  pyretbrom  when  dlTeotly  applied  to  the  larvie  would  prove  fatal  to  them, 
bnt  th«  applioation  von1d  have  to  be  lepeated  as  often  as  the  wormu  appeared,  ai  its 
effects  wonld  be  evai^esccut,  whf  rens  thai  of  London  purple  ia  permaneitt,  and  would 
prove  laial  to  one  generation  at  leaat.  Aa  the  wat«r]'  inlnHion  or  aolntion  ha«  been 
introduced  and  RiicMBafully  tested  by  PioffSHor  Kiley,  and  the  plant  maybe  coltivHled 
by  planten,  and  aa  a  goo<i  foimtaiii  pump  would  enable  tbe  planter  to  apray  hie  Cfop 
at  amall  cost,  thib  muHt  become  the  popular  remedy,  especially  as  no  risk  ia  inctured 
by  tbe  operator  ii)  ite  uae. 

Yeast  IB  entiruly  negative  iu  its  effectn. 

In  niy  obHorvations  1  frequently  Haw  cluatera  of  Soldier  Ung  egga  on  the  cottan  httf 
KliBt«n]iig  in  tbe  Hnnligbt.  and  mndc  more  attractive  by  the  rim  of  spines  erowniu 
their  apex.  I  also  met  ofteu  with  the  Aphis  Lion  ef^gs,  with  their  long  pedeaUu 
capped  by  their  fleecy  cones,  ami  altui  the  ogga  of  tbe  Lady  Bird. 

The  season  just  pasaed  having  been  characterized  by  low  temperature,  and  each 
apell  of  wet  weather  by  a  lower  therm nme tor,  infusorial  and  inaect  life  baa  been  ai 
a  minimum;  and,  in  fact,  niosqnitoc^  hiLd  not  proved  anpoying  until  late  iu  Septem- 
ber, during  a  hot,  damp  spell  uf  ni'atbiT.  Ttaie  late  meteorological  obange  likewiir 
caused  the  worm  to  Hproad  over  lanjiT  aroas,  and  gave  toe  tbe  opportunity  of  collect- 
Idk  large  numbers  of  rbrjsalids  of^the  fifth  and  sixth  generations  of  Aletia,  which 
I  diall  dispose  of  iu  ^lass  Jars  and  tmxee,  in  and  at>0Te  the  earth,  so  4M  to  t«Ht  fairly 
its  hibernation,  and  in  duf  time  will  reiiort  lesnlts. 

I  have  the  honor  to  be,  with  high  respect,  yours, 

E.  B.  ANDEBSON,  H.  D. 

Prof.  C.  V.  RnJcY. 


BEPOBT  FOR  1881. 

EiRKWOOD,  Miss.,  Januarg  8,  188i. 

Sir:  I  have  tbe  honor  herein  to  submit  nij'  report  to  you  as  bood  of  the  Entomo- 
logical Department,  acting  under  your  instructions  and  in  accordance  with  commi*- 
sioD  as  received  from  Department.  Owius  to  the  advanced  stage  of  the  sessou  wben 
tnv  work  commencad,  there  was  little  else  loft  forme  to  do  except  watch  the  insect  *t 
the  period  of  its  departure  from  the  cotton  fields,  and  concentrate  my  attention  upon 
Its  mode  of  hibernation,  and  to  ascertain,  if  possible,  whether  and  bow  it  psnN 
through  tbe  winter  in  this  latitude.  ' 

Ah  so  many  observers,  both  experts  and  laymen,  have  made  reports  upon  their  on- 
sucCQssfnl  eiforts  to  find  the  moth  of  Aletia  during  tbe  winter  months,  I  adopted  tbt 
plan  of  collecting  chryaalids  and  e^s  and  Hnbjecting  them  to  different  temperatares 
aud  watching  tbeir  development,  the  results  of  which  plan  will  be  detailM  in  this 
report  to  its  date,  as  has  been  from  time  to  time  substantially  reported  to  ^oo. 

Oetoher  3. — Visited  cotton  Gold  whore  I  saw  larvat  of  all  sizes  and  eggs  in  abaiid- 
ance  on  top  leaves  principally,  one  to  the  leaf  generally,  occasionally  two.  The  in- 
sect now  in  its  fourth  brood.  Ants  observed  to  be  busy  about  colonies  of  AphidM 
and  sucking  nectar  from  sland  of  midrib  of  leaf.  A  large  portion  of  cotton  tuie  uf 
leaves,  other  portions  fnllleaved,  upon  which  worms  of  ^1  sizes  ore  now  fisedingud 
a  second  top  growth,  the  result  of  recent  showers,  which  will  sustain  next  brood. 
Brought  in  a  lot  of  chrysalids  and  eggs  to  watch  development. 

Oetolmr  10. — Visited  a  field  where  I  found  that  a  large  proportion  of  the  chrysalio" 
of  the  fourth  brood  had  issued  as  moths.  Eggs  abundant,  and  larvfe  of  all  sizes. 
Watched  ants,' but  saw  no  new  developments.  Interested  in  seeing  larva  climbiDg 
its  web,  suddenly  falling  to  the  ground,  as  if  accidentally,  agWB  ascending  to  the 
plant  on  a  new  web  which  must  have  been  spun  in  Its  &1I.  Brongfat  in  chrysabdi 
and  eggs.  Have  put  up  box  No.  1,  containing  25  chrysalids ;  No.  S,  glass  jar,  con- 
taining 93 ;  No.  3,  glaas  jar,  a  unmher  of  eggs. 

OeMer  11. — Two  motns  appeared  in  No.  1  box ;  one  in  No.  2, 

October  12.— Five  moths  in  No.  1 ;  2  in  No.  2. 

On  tbe  11th  put  np  13  ehrysalida  in  box  No.  4,  wire  gaoie  top  and  bottom,  one  end 
glass,  balance  wood. 

October  14. — Eleven  moths  in  No.  1 ;  six  moths  in  No.  2, 

October  15,— One  ichneumon  fly,  parasite,  in  box  No.  1. 

Visited  a  field  where  I  fouiid  tbe  fifth  brood  webbod  up,  principally  in  persimnicii 
leaves ;  the  field  was  bare  of  cotton  leaves.  In  last  two  visits  ohserTed  the  larvB  w 
he  niiiob  darker,  almost  black,  on  casual  inspection.  No  ants  or  other  iiiscots  ol»- 
servod,  doubtless  owing  to  absence  «ffood.  This  was  the  field  in  which  tho  won™ 
appeared  first  in  this  locality  in  oonsiderable  numbers,  and  that  was  about  tbe  15th  ot 
July. 
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Pat  np»  nnmberof  chr^salidBin  wiie-gaiic«  boxHo.&,  aud  sieo  in  glaoB  JftrNo.6. 

OcUiber  19. — One  raotU  out  in  No.  5  box. 

October  10.— Hain.    Tampentinre,  66°  V. 

October  20.— Two  moXha  onUn  bozNo.4  (not  Aletia^j  Sout  in  No.  6;  7  ont  In  No. 
2,  and  I  parasite.  Tetoperatare  58°  P.,  S  a.  m.  Put  np  10  ohryBaUde  in  sUaa  bos 
No.  7,  top  and  aidea  glara,  bottom  wood.  This  inteiided  u  a  Tivariam  for  obseTviug 
copulation  and  prooieation,  6  p.  in.,  temperatnre  60°  F.  All  tbe  above  chryaalidH 
were  fonnd  in  leaves  of  ConvolTulua,  cotton  atalks  bare, 

Otitoter  21.— One  moth  ont  in  box  No.  7.  Temperature,  50°  F.,  7».  m.  Pat  five  eag» 
on  glaaa  on  box  No.  1.  Pnt  np  61  ehryaalids  in  wooden  box  with  wire  gauze  top  Ku. 
B,  soil  on  iKittom,  cbrjsalids  laid  loosely  ou  top  of  soil.     TemperstuTe,  Kl°  F.    Bain. 

Octobtr  aa.- Four  motbi  out  in  No.  5  and  4  in  No.  7,     Teniperatnre,  66°  F.,  8  p.  m. 

Octoter  S3,— Eatn. 

Ociobfr  34.— Temperature,  68°  F.,  B  a,  m. ;  1  motb  out  in  No.  4 ;  5  motha  out  iu  No. 
6;  6  tnotlis  out  in  No.  7 ;  8  moths  out  in  No.  S, 

OcloW  25.— Temperature,  48°  F.,  8  a,  m, 

October  26.- Ligbt  frost ;  7  moths  out  in  Ko.  7. 

Oetobar  27.— One  dead  moth  in  box  No.  4.  Temperature,  60°  F.,  a.  m.  Visited  a 
lield  where  the  worms  had  stripped  sonthem  portion,  leaving  a  strip  iu  sorthern  part 
iu  full  foliage ;  this  strip  skirted  east  and  west  by  forest.  Found  a  few  cbrysafida. 
no  larviB,  effgs,  or  moths.    These  ohrysalids  were  of  the  fifth  brood.     Rainy  day, 

October  28. — Visited  a  field  with  a  smalt  area  left  unstripped.  Found  a  few  larval 
full  KTown,  black  color  predominatinKi  stitl  feedioK  iiut  languid  in  appearance.  No 
freHli  egos  found.  Brousht  in  a  number  of  ctarysalids,  many  of  whioh  have  not  com- 
pleted tbeii  tnuusfarmatidn.  An  inspeotion  iudiuatns  ulearly  that  the  case  is  formed 
Irma  tiie  larral  integuments,  the  body  forming  its  own  sarcophagus.  Bain,  Temper- 
ature, 84°  P. 

Oeiobtr  29. — Transfernd  7  chrvsalids  from  box  No.  1 1 
brou^t  In  on  the  27th,  in  l)ox  No,  1.  Fifteen  moths 
Tempentnre,  64°  P.,  8  a.  m. 

OotohrSl.— Forty  moths  ont  in  No.  0;  3  out  in  No.  6;  8  moths  out  in  No.  7,  Tem- 
perature 58°  P.  CloudT.  Revisited  a  field  visited  on  the  lOth  and  found  but  littl«' 
of  the  aeoond  growth  of  cotton  left.  Found  a  few  larvK  large  and  small  of  the  fifth 
brood,  and  also  a  number  of  fresh  eggs  on  top  leaves,  aa  many  ss  eight  to  the  leaf,  and, 
in  one  instuce,  twin  eggs  twice  on  Uie  same  leaf  near  together.  These  I  have  placed 
in  B  glass  bottle,  cutting  the  leaf  into  smsll  sections,  with  the  egg  as  deposited. 
Aphis  and  ante  quite  abundant.  Only  fonnd  ants  among  colonies  of  Aphides.  Noticed 
that  the  leaves  from  which  the  lice  had  auuked  all  the  Juice  of  the  parenchyma,  and 
which  were  about  to  fall,  were  covered  with  lice.  Wliat  becomes  of  the  lien  when  they 
reach  the  ground  T 

yoveabcr  1. — Visited  two  tieldswhere  there  is  yet  considerable  foliage ;  searahed  for 
larvai  aud  eggs  of  Htliolhie  armigera,  but  found  none,  and  no  indications  of  their  pres- 
ence, though  green  and  yonng  bolls  were  abundant,  Brouj^hl  iu  a  few  eggs  and  chrys- 
alids  of  Aletia.    Temperature,  68°  F,     Clear, 

yovrmber  ii,~Sixty  moths  out  in  No.  6.  These  were  put  up  on  the  15th,  aud  havn 
developed  more  rapidly  than  others.  Moths  in  No.  7  (vivarium)  depositing  cgg:^.' 
Temperature  64°  F,,  d  a.  m,;  weather  clear.  As  the  weather  becocnita  cooler,  have 
noticed  the  tendency  of  the  Tuotba  to  crowd  together. 

Kovtaber  :).— Viuted  a  field  of  fresh  land  cotton  where  I  found  northeast  comer  not 
eaton  by  the  worm,  the  rest  of  the  field  bare.  The  leaves  nibbled  here  and  there  and 
fVesh  anil  full  of  chrysalide;  no  fresh  eggs.  Fonnd  a  few  fall-grown  larvai  feeding. 
Searched  diligently  for  Heliothis  and  examined  a  number  of  young  and  grown  bolls, 
but  found  no  eggs  or  perforationsin  the  bolls  orany  sigu  whatever.  Notice  or  ants 
were  observed  on  thiii  cotton.  Temperature  43°  P.,  7  a.  m.  Brought  in  a  number  of 
chrysalids  and  a  lot  of  larvn. 

In  regard  to  Heliothis  Imay  remark  that,  probably  owing  to  droujibt,  they  bavedoae 
uo  damage  to  cotton,  and  my  inability  to  find  them  is  owing  to  the  fact  of  its  desertion 
of  cotton  for  other  vegetation  more  succulent.  I  am  at  this  dute  gathering  gieon  to- 
matoes and  find  a  targe  proportion  perforated  by  Heliothis  and  many  mined,  so  that  in 
several  bushels  1  lose  a  fifth  or  sixth,  say  about  30  per  cent.  My  opinioD  is  that 
we  have  here  butfour  broodsof  Heliothis  uanuatly,  first  in  com,seoona  and  third  iu 
cotton,  and  lost  iu  garden  and  other  vegetation. 

Xorsmber  4. —Temperature  S4°  P.,  7  a.  m.  Oa  visiting  my  gardcji,  examined  a  cot- 
ton stalk  in  full  fbliage  at  the  end  of  a  tomato  bad  and  found  Aletia  eggs  on  many 
of  the  top  leaves  and  found  two  on  outside  of  involucre.  On  one  leaf  found  as  many 
lis  eight  eggs,  two  side  by  side  in  close  proximity.  Food d  also  a  youug  boll  wbicu 
had  been  perforated  by  a  Boll  Worm,  but  found  no  larva  or  egg  on  tbe  stalk.  Found 
two  Heliothia  arvAgera  on  tomato,  oue-half  buried  in  the  fruit;  theee  I  seut  yon. 
The  fVost  has  been  a  uippinK  one. 

Found  moths  iu  bos  No.  5  crowded  together  and  many  in  a  torpid  oondiUon  tlubt 
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Bi)bseqD«ntl7  reriyed.    Sent  yon  annniberof  chi7«alida  and  larvsbronght  in  ontbt 

ifovembtr  5.-~Temperatare  ASP  F.,  7  a.  m.  TraiisferMd  44  moths  from  box  No.  5  to 
box  No.  7.     Egga  now  beins  depoaited  tUloveibox  (gloM)  No.  7. 

Mode  box  No.  9  without  bottom.  Loosened  the  earth  m  aa  to  briuK  it  iota  the  con- 
dition of  an  oTdiiiary  fresh  Innd  cotton  bed ;  eniik  the  box  2  iochett.  Thia  will  giv« 
Dormal  euth  temperature  ;  nailed  a  board  overa  part  of  the  top  to  protect  from  isin 
in  order  to  afford  nibematiiig  shelter  for  the  moth ;  over  the  rest  of  the  top  ta«ked  » 
piece  of  coarse  cloth  for  protection  and  to  gecare  moths,  througJi  which  r«io  will 
percolal«,  and  where  I  shall  place  sweets.    All  under  roush  cover  constructed  for  Ibe 

Euipoee.  Plaoed  in  this  box  90  chrysalids  broaght  in  on  the  3d.  This  is  done  in  imi- 
itionof  natois. 

Fat  under  same  shelter  box  No.  10.  This  is  a  abaUow  box  filled  to  'within  2  iocbe* 
of  the  ton  with  loose  soil,  top  arranced  as  last.  This  has  a  woodea  bottom,  but  wood 
being  a  bad  conductor  woald  moduy  temperature.  Pot  into  this  140  chr^sahds, 
whlon  will  be  treated  as  last  box.  These  boxes  afford  on  excellent  test  for  hiberna- 
tion of  the  moth.  In  cutting  up  tomatoes  six  Boll  Worms  (Beliothis)  were  met  with, 
which  were  sent  to  you.  Being  foand  in  the  flrait,  JUigraatt  delieto,  nettles  the  qnes- 
tiou  of  its  feeding  upon  otheT  plants  or  fruit  than  cotton.  Visited  a  cotton-tietd  and 
found  the  green  cotton  uninjured,  though  on  the  day  before  the  temperature  wasS!° 
v.,  but  not  of  Bufflcient  duration  to  prince  ice  and  destroy  vegetation.  Brought  is 
eggs,  larvte,  and  chrysalids.     No  signs  of  Heliothis. 

November  6.— Temperature  E6°  F.     Rain. 

November  7. — Cloudy  and  misty;  teniperatare 56°  F.,  9  a.  m.  One  dead  moth  in 
No.  7.  Temperature,  at  1p.m.  in  the  sun,  varied  from  74*^  toBii^F. ;  clear  and  cloud; 
altera  atelf. 

November  8.— Bent  you  a  box  containing  Heliothis  chrysalids  and  lame  (Aleliu)- 
Bain  p.  m. 

November  9.^Pnt  in  flower-pot  3  larve  (Heliothis)  in  tomato,  and  one  in  cotton  boll. 
Introdnced  60  Aletia  cbrysaliils  into  box  No.  4,  gathered  on  3d  instant.  Put  iu  hoi 
No.  11, 60  chrjealiilB,  gatliercd  on  same  date,  wooden  box,  glass  top,  to  be  kept  tn 
house.  Put  in  guit7«  bag,  wooden  bottom,  7G  chrysalids,  gathered  27tb  iiltiuin, 
Temperatnro  56°  F.,  1  p.  w.  ;  rainy  and  raw. 

Nooember  10. — Cloudy  and  foggy ;  temperature  62°  V. 

November  11. — Cloudy  and  foggy ;  temperature  66°  F.  Rainy  day.  Vira(«d  a  field 
in  which  I  found  fresh  chrysatids  and  lorvis.  Foliage  abnndont.  East  side  of  field 
protected. 

November  13. — Introduced  18  fresh  chrysalids  into  box  No.  I.  Temperature  S6°  F., 
7  a.  m. 

November  14. — Temperature  40°  F.,  0  a.  m. ;  clear ;  wind  north.  Eleven  moths  in 
No.  4 ;  12  dead  mothe  in  No.  5 ;  3  moths  in  No.  1  j  13  in  No.  11 ;  13  dead  moths  in  No. '. 
Visited  a  field  of  late  cotton,  where  I  found  nitiage  fresh  and  partially  nibbled  li,v 
the  worm.  Fonud  a  few  young  bolU  perforated,  the  first  evidence  of  Heliotiiisiu  niy 
search  this  fall  in  cotton;  the  field  a  small  one,  contiguous  to  a  garden.  Fonn^  a  few 
Aletia  chrysalids;  no  eggs  or  larvie.  Aphides  clustered  in  colonies  within  the  in- 
.volucre  chiefiy,  and  dark  in  color. 

November  15.— Temperature  42°  F.,  6  a.  m.  Clear.  Wind  north.  Visited  a  field 
when  the  foliage  begius  to  show  the  effects  of  frost.  Found  a  few  chrysulids  freshly 
folded ;  no  lorvs  or  eggs.  Found  also  a  fewyoung  bolls  eaten  into,  but  whether  by 
Heliothis  or  other  insect  am  unable  to  say.  The  forms  were  not  fiared  as  usual.  No 
other  signs  of  HeUothis.  Aphis  and  many  other  insects,  especially  Lady  Birds,  fonnil 
well  secreted. 

.Ywembtr  16.— Temperature  46°  F.,  8  a.m.  Visited  afresh  field.  Found  it  partially 
eaten  by  the  Cotton  Worm  ;  leaves  green  and  fresh.  No  larvn  or  egga  to  be  fount). 
Fresh  ohrysalids  abundant  and  moths  issuing  therefrom.  This  is  probably  the  sixth 
brood,  and  is  certainly  the  last  to  appear  in  cotton.  Brought  in  a  uumbor  of  chrys- 
alids. 

November  17.— Temperature  58°  P.,  S  a.  m.  Wind  south.  Introduced  25  fTesh  chtjs- 
olids  in  box  No.  5.  Removed  6  dead  moths  from  same.  Transferred  16  moths  from 
No.  6  to  No.  7.  Introdnced  25  ftwh  ohrysalids  into  box  No.  4.  Plaoed  these  tw" 
boxes  under  shelter,  with  boxes  Nos.  9  and  10  on  the  ground.  Placed  bottles  with 
eggs  under  same  shelter,  on  the  earth,  inverted.    Visited  cotton-field  and  found  Ifrdi 

November  18. — Temperature  76°  F.,  1  a.  m.  Removed  5  dead  moths  from  box  No.'  1 
5  fr^m  No.  11 ;  20  moths  in  No.  11 ;  12  moths  in  No.  1 ;  4  dead  moths  iu  No.  I.  > "«. 
ited  a  field  of  lBt«  fresh  land  cotton.  Found  fresh  eggs  of  Aletia,  as  maii.T  ^  ' 
OD  a  leaf.  In  my  glass  box  No.  7  the  eggs  are  deposited  indiscriminately  upon  glss^ 
cotton  leaves,  stalks,  and  forms. 

November  19.— Tetnperatate  46^  F.,  13  m.    Wind  northwest.    Bain. 

November  20.— Temperatnie  30°  F.,  6  a.  m. 
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^ocnnbar  31. —Temperature  42°  F.,  6  B.ni.;  4  motba  in  No.  1 ;  IS  deadin  No.l;  few 
dead  in  No.  11;  11  mothB  in  No.  11:  7  dead  in  No.T.  Visited  a  field  of  fresh  land 
cotton,  where  the  folia^  was  partially  froat-hitten  bat  muoh  still  fresh.     Found  one 

fg,  receutl;  deposited,  and  some  chrysalidB.  Few  Inseote  noticeable,  Plaoed  7 
rysalida  ia  No.  11.     Sent  ;ou  3  boll  wonua  (Heliothis),  taken  from  tomato. 

Novtmber  ^. — Temfleratnre  42°  F.,  9  a.  m.     Baw  and  rain.     No  developmenL 

Norember  23.— Temperature  42°  F.,  9  a.  m.     Raw  and  rain.    Moths  torpid. 

Noeembrr  24. — Teuiperature  2U°  F.,  8  a.m.     Freezing  and  oleai. 

^oe«mb«r  25.— Temperature  20°  F.,  7  a.m.  Freezing  and  clear.  Visited  a  field. 
Found  the  plant  in  too  unsatisfactory  a  state  to  make  any  examination,  the  effect  of 
the  severe  freeze  of  previous  niirlit. 

Ifovaiiber  26.— Temperature  3(P  F.,  8  a.  m.    Wind  north. 

NoiTfmbfr  28.— Temperature  40°  F.,  8  a.  m.  Wind  north.  Bemoved  20  dead  moths 
from  box  No,  7.  Introduced  40  chrysalids  into  same,  brought  in  on  2]Bt  instant. 
Moth  in  a  torpid  condition. 

Put  up  80  chrysalLda  in  box  No.  12,  brought  in  on  21st  instant.  Removed  4  dead  moths 
from  No.  6;  2  motlu  oat  in  No.  8;  20  dead  moths  removed  from  No.  5;  19  dead 
from  No.  4.  Sprinkled  dry  earth  oue-foorth  of  an  inch  thick  over  chrysalids  in 
these  two  boxes  and  replaced  them  on  the  earth.  No  development  in  boxes  Nos.  9 
and  10. 

On  close  examination  at  1  p.  m.  found  the  tnoths  supposed  to  he  torpid  all  dead. 
Removed  36  ftom  No.  4;  2  from  No.  1;  12  from  Nu.  11;  32  from  ganse  bag- 
Not  a  moth  in  any  of  m^  boxes  living  or  dead.  Temperature  at  1  p.  m.  64°  F. 
Motljs  living  and  in  motion  on  the  21el,  and  supposed  to  be  living  for  some  days 
subsequently,  as  they  did  not  ohanse  their  natural  position,  were  all  killed  doubtless 
by  the  freeze  of  the  25th  instant.  This  would  indicate  that  the  moth  cannot  snrvive 
II  temperature  below  15°  or  20°  F. 

In  refiard  to  copulation,  from  my  observation,  it  is  carried  on  most  actively  at  twi- 
light. When  observiug  my  vivarium  by  lamp-light  I  have  witnessed  no  demonstra- 
tion in  that  line.  As  eggs,  however,  arc  abundantly  laid  on  the  glass,  leaves,  and 
stalks  of  cotton,  and  the  wooden  sides  uf  my  boxes,  procreation  must  go  on  normally. 

Nowmbvr  as. — Brought  in  some  chrVsalids,  found  on  Convolvulus  leaves,  where  the 
vine  ran  on  a  cedar  tree  in  a  cotton-field.  They  appear  to  be  sonnd.  Put  up  in  glass 
bottle  No.  13. 

fi'ovember  30.— Temperature  G3°  F.,  6  p.  m.  Wind  sonthnest.  Rain.  Visited  a  field 
whero  I  found  chrysalids,  to  all  appearance  unaffected  by  recent  cold  weather.  Sent 
some  of  thMe  to  Professor  Biley. 

Deeembtr  1.— Temperatnre  44°  P.,  7  a.  ui.     Wind  north.    Clear.     Boxes  nnchanged. 

Daeember  2.— Temperature  38°  F.,  7  a.  m.     Wind  north.     Clear,     Boxes  unchanged. 

December  3.— Temperature  56°  F.,  9  a.  m.     Cloudy.     Wind  north. 

Deoemier  S.^Temperatnre  44°  F.,  7  a.  ra.     Clear.     No  change  in  boxes. 

Deoetnber  fi. — Temperature  44°  F.,  7  a.  m.    Wind  south.    Partly  clear.  ' 

DecfMhur  7.— Temperatnro  44°  F.,  7  a.  m.     Wind  soathwest.    Partly  clear. 

DeoenAer  8.— Temperature  42°  F.,  T  a.  m.     Cloudy.     Wind  uorth.  • 

Deoenber  9.— Temperature  42°  J'    7  a.  m.     Cloudy.     Wind  north. 

Dtotmher  10.— Temperature  42°  F.,  7  a.  m.     Clear.    Wind  north. 

December  11. — Temperature  44°  ¥.,  7  a.  m.     Cloudy  and  mist.     Wind  south. 

December  12. — Temperature,  55°  F.,  8  a.  m.     Wind  8.     Clondy.     Boxes  unohanged. 

December  13.— Temperature,  62°  ¥.,  8  a.  m.     Wind  S.     Misty.     Thunder  st  iiigiit 

December  14.— Temperature,  60°  F.,  8  a.  m.     Wind  NW.    Drizzling  rain. 

Ditember  15.— Temperature,  30°  F,,  8  a.  ni.     Wind  N.     Clear. 

J3c(!«nft«rlfi,— Temperature,  30°  F., 8  a.m.     Wind  N.   Clear. 

Dtcemher  17.— Temperature,  32°  F.,8  a.m.     WindN.     Clear. 

Transferred  box  No.  1 1  to  my  room,  where  a  warm  temperature  is  Inaiotained. 

December  18. — Temperature,  44°  F.,7  a.m.     Infusorial  lifb  active  about  sunset. 

December  19.— Temperature,  54°  F., 7  a.  m.      Wind  SE.     Cloudy.     Bain. 

iJeeBMbiT 20— Temperature,  64°  F.,7  a.m.     'Wind  S.     Rain. 

December  21.— Temperature, 60°  F., 7a. m.     Wind  W.     Drizzle. 

Examined  my  boxes  closely ;  chrysalids  apparently  sound.  The  temperature  has  not 
been  high  enough  to  effect  transformation  iuto  moth. 

December  22.— Temperature,  38°  F., 8  a.  m.     Wind  N.     Clear. 

i^oemier  23.— Temperature,  36°  F.,7  a.m.     WindN.     Clondy. 

December  24.- Temperature,  37°  F.,  8  a.  m.     Wind  N.     Cloudy. 

Examined  MuUow  leaves  and  found  Aphides  living.  * 

December  25.— Temperature  44°  F.,  8  a.  m.     Wind  8W.     Cloady 

December  2&.— Temperature,  60°  F.,  8  a.  m.     Wind  NW.   Drizzle.- 

December  27.— Temperatnro,  42°  P.,  8  a.  m.    Wind  W.    Clear. 

Deoeti^er  28.— Temperatore,  52°  F-,  8  a.  m.    Wind  SW.    Clear. 

Decemiw  29.— Tempenitare,  4B°  F.,6  a.m.     Wind  N.    Clear. 
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Decrutfecr  30.— Temperature,  40°  F.,a  «.m.     Wind  W.     Cleat. 

One  parnHiM,  Pimpla  eonquieilor.  In  box  No.  II. 

JJreemi-er  31  — Teniperatore,  45°  F.,8  ».».    Wind  W.    Clear. 

To  BDiumaTize :  Have  placed  in  box  No.  1,  M  chryealids.  TraDafen«d9taNo.3boi. 
TweDty-eeven  came  oat  na  moths  and  one  pftrasite,  lettviiig  17  chijaalida  in  llut  Iwi, 
wliicb  on  last  night  was  apaet  by  a  wind  and  contents  lost. 

Id  No.  3,  glass  Jar,  placed  33  chryealida.  Eight  li»Te  iaaoed  as  moths  and  on>  i 
parasiU,  leaviog  14  cbrysalids. 

In  No.  3,  glass  jar,  a  number  of  eggs.  These  have  become  darker,  bnt  otherwise  ap- 
pear to  be  unchanged. 

la  box  No.  4  placed  13  chry salids  on  October  12.  On  NoTcmber  9  introdnc«d  60 
t'hrysalids.  making  aggregate  73.  Introdnoed,  November  17, 2b  cbrys«lida,  nuking 
Hnm  total  SH.    liemoTMl  ID  dead  moths  November  28,  leaviiig  79  chrysaliils. 

Placed  a  number  of  moths  in  kox  No.  5  on  October  15.  Of  this  lot  60  moths  vnr 
out  by  November  'i.  On  November  17  introdoced  25  ohryHlids.  On  November  JS 
removed  20  drad  moths,  leaving  a  ntunber  of  cbr^salids.  There  waa  no  deveh^unnt 
in  the  last  25  cbrysalids  placed  in  the  box. 

Pat  ap  a  uumber  of  chrysalids  in  glass  Jar  No.  6  Oct«ber  15:  3  moths  came  oat  br 
3l8t ;  4  dead  motbs  removed  on  November  S8.  No  fnrtbet  developments.  Put  tf 
101  chrysttliUs  in  No.  7  gluss  box  (vivarinto),  October  20.  These  developed  into  moths 
slowly  up  to  November  3,  when  they  commenced  t«  die,  and  all  were  dead  on  tbf 
November  28,  when  I  introduced  40  freab  chryaalids.  At  this  date,  Jannaiy  B,  IKi 
some  of  the  eegs  retain  thcit  green  color,  while  with  the  larger  nnmbei  the  color 
is  slightly  darRer  brown.  From  my  observation,  this  as  well  as  previous  BsasoiiBi  *oi 
from  the  difficulty  of  procuring  nectai  by  the  last  brood  of  moths,  and  their  codk- 
quent  ill  condition  for  hibemaHon,  I  conclude  that  Aletia  is  t«  be  classed  with  tbal 
family  of  moths  that  do  not  hibematw  as  imago. 

October  21,  put  up  61  chrysalids  in  box  No.  S.  No  development  in  this  box  nntil  i 
dead  mothswerediscoveredm  it  on  November's.  It  remains  in  stahi  quo.  November 
5,  arranged  box  No.  9  and  placed  in  it  90  cbrysalids.  There  has  been  in  thin  box  do 
development  to  this  date,  January  2,  ISES. 

Same  date,  arranged  box  No.  10  and  placed  in  it  140  cbrysalids;  no  developineut  in 
this  box  to  dutP,  The  three  last  boxes,  Nos.  8, 9,  and  10,  have  been  placed  where  tbey 
have  been  subjected  to  atmoepberic  conditions,  and  have  been  kept  damper  than  tb^ 
in  the  house,  end  conseqnenttv  the  transfonnation  of  the  chiysalids  has  been  retardfo. 

On  NoveuiberSputinboxNo.  11,  60  cbrysalids;  on  November  18  there  were  20  living 
moths;  on  November  21,  10  dead  and  11  living;  on  November  28  all  moths  desd;  3J 
cbrysalids  left  in  box ;  on  November  30,  1  ichneumon,  Pimpla  eetujuititor.  DnNoveai- 
ber  28  put  up  in  box  No.  12,  80  chrvsalids,  bronght  in  ou  November  21.  No  devel- 
opment to  ilatc ;  chrysalids  looking  n-esh  and  sound. 

On  Novemlier  29  pnt  up  in  filasa  bottle  No.  13,  same  date,  a  few  cbrysalids.  _  No  de- 
velopment; cbrysalids  looking  sound.  There  has  been  an  exceptional  abeenoe  of  par- 
asites this  sc-uwii^    I  shall  expect  a  larger  proportion  ^m  the  cbrysalids  on  hand. 

By  a  review  ortny  report  you  will  perceive  that  I  have  a  lai^e  number  of  chryssl"" 
subjected  to  varions  temperaturce  and  conditions,  such  as  to  afford  a  good  teat  for 
ascertaining  whether  and  how  Aletia  hibernates  or  survives  the  winter  in  this  1b(i- 

I  shall  likewise,  in  due  time,  report  to  yon  upon  the  Halvaceone  family  of  p1*^l«ii> 
this  locality,  famishing  ron  with  list  of  same,  and  list  of  those  of  the  State,  s«  far  a* 
licH  in  my  power,  and  will  prosecute  aearoh  for  Aletia  larva  in  same. 

Hoping  that  my  lesearchea  may  prove  of  some  interest  to  the  Department,  and  ae- 
siring  a  continuance  ofthe  work,  liiave  the  honor  t«  be, 
Youre,  truly, 

E.  H.  AITOEHSON,  M.  D. 
Prof.  C.  V.  EiLBY. 


BEPORT  FOB  1682. 

EiRswoOD,  Mi88.,  OeiobtT  16,  It 


,   SiH :  I  have  the  honor,  by  virtae  of  my  commiaaion  from  the  Department,  t 


II  the  foUowinji  report  of  my  work,  under  your  instructions,  for  the  quarter  en"" 
inK  SfjUember  30. 1882. 

It  miwt  to  a  areat  extent  appear  to  joo  a  recapitulation,  aslhave  from  time' 
time  (orwardwl  you  reports;  but.  by  your  request,  embody  the  whole  time  '"™*Jl 
port  now  Hubmitted,  with  a  voluntary  supplomcutary  report  np  to  this  date,  Oelo"" 
10,  1882.  ,- 

la  mj  Tiuts  of  observatioD,  from  the  lat  to  the  8th  of  July,  found  cotton  froiu  w 
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inchea  to  3  feet  i: 

been  of  high  tempera . .. .- -_.        „ 

and  cnltiTation  of  the  plant.'  I  foand  Aphis  ahundant  in  spota,  but  not  geoenlly  m 
AntH  in  usual  numbers,  and  chiefly  among  colonie*  of  Aphis.  Found  a  few  fonnscat>i 
from  sheddiQKi  but  no  evideuce  of  either  Aletia  or  Beliotbis.  On  the  8th  a  chiyEslis, 
wrapped  up  in  a  leaf,  was  found.  Between  this  and  15th,  HeliothiB  was  fonnd  at 
work  in  the  young  forma  and  bolls,  so  few,  however,  aa  to  ici^uire  diligent  search  to 
Snd  it.  It  was  less  observable  on  coin  than  usual  ap  to  this  time.  The  graaa  worn), 
throughout  the  month,  was  abondant  in  grass;  Selds.  both  upon  grase  and  youu;; 
cotton  and  com,  destrojiug  ail  in  mauv  Inatancee,  ana  not  oonflned  to  bottom,  but 
appearing  on  hillsides  as  well.  No  otW  derelopment  of  interest  until  the  24tb, 
when  a  full-grown  Aletia  laiva  waa  broaght  in  from  the  field,  which  paased  iuio  , 
chrysalis  and  emerged  August  4. 

Through  correspondence  learned  that  larrie  throe  and  four  days  old  were  dieoav- 
eied  near  CantoufiSanie  date;  other  larveaeeD  here  about  same  time.  Heliothis  also 
neon  flying  about.  Noticed  Aphis  upon  okTaoontiguons  to  cotton  in  same  nnmbers  ae 
on  cotton;  also  ciicnlst  perforations,  apparently  the  work  of  a  cotton-leaf  worm. 

Have  looked  carefully  atier  plants  of  Ualva  family  during  spring  and  summer,  but 
so  far  have  seen  no  trace  of  Aletia. 

A  notable  fact  han  been  the  sudden  disappearonoe  of  the  Grass  Worm  after  a  heavy 
rain.  I  have  often  noticed  that  Aletia  does  not  appear  in  oousiderahle  numbers  dur- 
ing a  apell  of  woC  weather,  whether  stormy  or  not,  and  believe  that  such  heavy  rains 
aa  we  have  bad  recently,  by  lowering  the  temperature  and  washing  them  off,  would 
retard  their  progress. 

The  mean  temperature  has  been  10"  Fahr.  less  than  that  of  June.  Facts  so  far 
would  seem  to  indicate  that  Aletia  had  straggled  through  in  some  form  from  its  de- 
partare  last  fall  until  ita  advent  this  summer. 

Continued  my  visits  to  different  Qeids  of  cotton  to  watch  progress  of  botb  Aletia 
and  Heliothis.  Found  very  few,  though  every  field  has  had  its  quota.  Atmospheric 
conditions  have  not  been  favorable,  or  else  the  third  brood  wonid  be  easily  discover- 
able, tf  not  damaging.  The  mean  temperature  has  been  much  lower  than  usual, 
ranging  from  70°  to  83°  Fahr.  Have  bad  lieqnent  showers  throughont  the  month,  suc- 
ceeded u.y  cool  spells,  northwest  and  north  winds  prevailing,  and  hard  rains  on  aSd, 
Q4th,  and  25th,  lowering  temperatnre. 

Heliothis  has  been  at  work,  bat  to  a  lees  extent  than  nsnal.  Noticed  its  absence  in 
early  com,  and,  in  fact,  could  find  no  sign  of  it  in  the  first  planting,  tbonghtho  Orass 
Worm  was  much  more  abundant  than  usual.  In  the  com  planted  in  May  it  (Helio- 
this) is  now  out  in  full  force;  in  fact,  in  a  small  field  of  ray  own,  planted  in  May  and 
now  in  mUk  stafre,  it  may  be  found  in  ever;  ear,  and  has  done  considerable  damage. 
On  tbe  16th,  while  walking  at  dosk  along  a  fipid  of  cow-peas,  where  I  had  gathered 
a  crop  of  earl;  com,  I  nottoed  numbers  of  a  small,  gray  moth  in  the  grass  and  a  like 
number  of  Heliothis  about  tbe  peas.  I  have  repeated  m;  visits  since,  and  from  the 
numbora  of  moths  and  I«rr»  found  there  have  come  to  the  coaclosioo  that  it  relishes 
that  food  as  well  as  oom  or  cotton ;  and  it  has  siiggest«d  to  me  that  by  planting  an 
early  crop  of  oom  anda  crop  of  peas  in  tbe  com,  so  timing  the  planting  that  thep«as 
shall  be  in  bloom  abont  the  time  the  com  hardens,  and  planting  a  later  crop  of  com 
and  pea«,  so  aa  to  fhmiah  food  for  theseaaon,  Heliothis  wonld  be  kept  ont  of  the  cot- 
ton. Suggestions  as  to  ootn  have  been  mode  b;  others  (see  pages  :I12, 313,  Heport  on 
Cotton  Inseato,  1879),  bnt  Inasmuch  aa  the  pea  crop  continues  to  bloom  and  makefniic 
so  mnch  longer  than  oom  it  would  furnish  food  for  the  whole  season. 

I  shall  waloh  my  oropa  of  peaa  in  reference  to  Heliothis,  and  will  report  to  yon  tht 

B«e«iTed  tha  pyrethmm  the  22d,  and  made  my  preparations  by  adding  1  onnt-ii 
pyrethnuu  to  ID  of  floor  and  1  to  30  of  hot  water.  I  used  hot  water  to  make  a  decor- 
tfon,  08  reoommended  by  Profeaaor  Hilgard,  and  to  prevent  Aiogua,  as  referred  to  by 
Hr.  Sohwaiz,  when  mode  with  cold  water,  thinking  the  heat  would  destroy  the  fnn- 
gos  germ.    WiD  try  it  likewise  with  oold  water. 

Tned  the  dry  preparation  on  grown  and  yaongBoU  Worms  on  the  34th.  The  pow- 
der waa  apparently  slow  In  having  any  effect,  though  it  seemed  to  stupefy  the  older 
wonts,  while  pntting  the  younger  in  a  torpid  condition.  I  allowed  them  to  remain 
twenty-lbar  honia,  sprinkling  t£e  powder  heavily  upon  them  and  the  leaves,  inclosed 
in  a  small  bottle,  when,  on  examination,  I  found  the  small  ones  dead  and  the  larger 
active.  The  l&A'aion  soon  put  the  larger  ones  to  writliing,  the  smaller  remaining 
torpid  and  quiet.  In  on  hour  the  larger  and  intermediate  size  commenced  crawling, 
when  I  reapplied  the  solution  and  they  again  became  torpid  after  writhing  a  few 
moments,  and  died  in  thirty-six  hours.  On  the  25th  brought  in  a  fresh  snpply  of 
worms,  and  after  adding  i  an  ounce  of  pyrethmm  to  each  preparation,  applied  thu 
dry  to  a  lot  of  Boll  Worms  of  various  sizes,  all  of  which  were  soou  under  its  iullu- 
euce,  writhing  and  becomint;  toipid,  the  smaller  soon  killed  outright,  tbe  larger  anil 
tall  ^wn  succnmbing  in  from  two  tofhree  hours.     Jbo  result  with  the  solution  was 
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eimilar  but  rather  more  speed j,  u  all  were  dead  in  a  few  honrs.  Placed  aome  oC  the 
wonuB  in  a  quioine  bottle,  recently  emptied,  and  three  young  wonns  died  in  a  few 
minates.  Tried  a  Bolntion  of  qurniiie,  1  ^raiu  to  1  onnoe  of  vater,  it  minimaof  eUiir 
of  vitriol.    This  seemed  to  noir;,  Imt  did  not  kill. 

3tith.  Applied  the  infiuioD,  when  they  ioon  cominenced  writhing  and  then  becams 
torpid;  at«  nothing;  bat  fonnd  three  uive  on  the  2tith,oneveTy  large,  the  otbertwo 
middle  size.  Made  another  application  of  this  infoaian  prepared  on  the  SSd,  whicb 
still  appears  to  be  atroog,  but  Hbows  plainly  fnngus.  Hade  fresh  solntion  with  cnld 
water,  1  to  30 ;  applied  that  to  8  caterpillars,  Heliothis,  all  sizea.     Have  alao  applied 

Enwder  made.on  ^2d,  to  alot,  allsieee.  Thopowderiakoptin  a  box  tightly  stoppireil. 
!ave  reviewed  circular  in  reference  to  pyrethram.  Issued  by  the  DepHtment  last 
year.  Wilt  here  mention  that  I  planted  the  seed  with  care,  as  other  annnals,  bat 
white  they  grew  inxnriantly  bnt  three  of  the  pyrethram  seed  germinated,  and  eTent- 
nally  died  out,  owins  perhaps  to  too  much  wet.  If  the  Department  will  send  lue  » 
paper  of  seed  this  iall  or  next  spring,  I  will  plant  them  on  a  bluff  near  my  spiLne, 
where  it  ia  rooky  and  dry,  with  a  loamy,  aandy  soil,  and  where  there  is  shade  enonxn 
to  protect  from  heat  in  summer.  This  will  approilntato  to  aome  extent  its  nativs 
habitat. 

S9tb.  On  examining  the  three  worma  to  which  the  solution  was  applied  yeetetday, 
found  the  two  smaller  dead,  the  larger  one  alive.  Of  the  eieht  to  which  the  fresh  nnin' 
tion  wae  applied  fonnd  the  four  smaller  dead,  the  larger  one  living.  Of  the  six  to  wliicli 
the  powder  was  applied,  after  temporary  writhing,  they  became  torpid,  bnt  fonndsU 
alive.  Have  reapplied  both  powder  and  solntion.  All  ceaae  to  eat  after  making  anr 
application. 

30th.  Found  oU  to  which  the  application  was  made  yesterday  dead  except  one 
large  one.    Applied  solution  to  anotner  lot  after  noon. 

3Ist.  Foand  my  caterpillars  apparentW  anaffocted  by  the  application  of  yesterday. 
Have  applied  to  them  cold  infnsion  made  with  cold  water,  1  to  24.  Brought  in  ft 
fresh  lot,  to  which  I  have  applied  fresh  solution,  and  alao  powder  prepared  with  frwli 
aahes,  I  ta!j.  Am  aatisfled  that  HeKothis  is  tougher  and  less  sensitive  to  applicstioDS 
than  Aletia,  and  requires  a  stronger  preparation.  The  ashe«  would  recommend  itself 
on  account  of  cheapaess,  and  can  be  manipnlated  better,  and  as  an  alkali  would  tecit 
to  check  fuugna.  In  regard  to  solution,  wontd  think  hot  water  bett«r  than  cold,  bnt 
when  immediately  used  it  would  make  no  difference,  aa  the  ponder  mixes  as  well 
with  one  aa  the  other. 

The  above  experiments  were  made  aa  a  necessary  preliminary  to  my  field  opera- 
tions, aa  I  was  nnacquainted  with  any  results  with  pyrethrum  upon  the  Boll  Worm. 

From  the  nnmber  of  Heliothis  now  in  late  com,  I  infer  considerable  damage  fmm 
them  in  the  late  cotton.  Atmospheric  conditions  since  the  20tb  of  August  have  bMo 
far  more  favorable  for  insect  life  than  previoasly,  yet  the  temperature  remains  low  for 
1  lie  season ,  about  76°  F.  mean  temperature,  range  from  70°  to  82°  F.  Aletia  has  made 
slow  proKress,  bnt  is  observable  now  everywhere. 

September  I,  The  worms  to  which  the  oold  infusion  was  applied  yesterday  were 
foiiud  (juiot  morning,  all  dead  afternoon.  Those  to  which  the  powder  was  applied 
aluo  died  within  thirty-eix  hours ;  applied  same  powder  to  another  lot. 

Hepiember  3.    Found  them  qniet  bnt  altve  this  mominc. 

In  continuing  my  report  for  this  month,  will  state  that  the  weathbr  in  the  early 
part  of  the  month  was  very  unfavorable  for  field  work,  owing  to  rains;  and  owing  to 
meteorological  and  other  causes,  Heliothis  conld,  only  with  difBculty,  be  found  in 
cotton  at  all.  I  traversed  field  after  field  of  cotton  In  search  of  it,  with  a  view  to 
commence  experiments,  but  could  nowhere  find  them  in  any  number  that  would 
warrant  BXptirimeDt«  for  practical  nse.  Aa  an  evidence  of  their  scarcity  I  will  men- 
tion that  I  counted  along  two  parallel  rows,  one  hundred  and  five  stalks  of  ootlnOi 
very  luxuriant  and  in  bottomland,  full  of  forms  and  bolls,  and  found  but  one  small 
Itoll  Worm  oudtwo  small  bolls  punctured.  This  furnishes  an  average  of  many  exani- 
inations  made  with  care.  It  is  a  common  remark  mode  by  planters  in  my  localily 
that "  there  arenu  Boll  Worms  this  year."  Had  Inot  examined  com  wonld  have  come 
to  the  same  conolUKion.  My  observation  this  season  would  certainly  lead  me  to  ue 
conclnaion  that  com  is  its  preferred  food,  for  nowhere  have  I  examined  com  in  tlN 
milk  stage  without  finding  one  or  more  in  every  ear. 

SeptenAer  14.  Examined  a  field  of  luxuriant  cottian,  rows  running  parallel  wt" 
coru.  Found  no  Boll  Worms  in  cotton,  but  one  in  every  ear  of  oorn.  They  wej* 
full  grown.  On  examining  hard  com  found  no  worm,  but  at  the  base  of  the  slaik 
found  the  aperture  where  it  had  gone  into  chrysalis,  and  as  there  were  no  peas  there, 
it  will  in  the  next  brood,  no  doubt,  be  found  in  the  cotton  and  will  furnish  a  field  for 
experiment.  My  oonolnsion  is  that  this,  the  third,  perfiaps  the  fonith,  brood  is  tii"' 
in  chrysalis,  and  will,  laterin  the  season,  be  out  in  largennmbersin  cotton  except  where 
com  or  peaa  are  near  by,  I  have  need  the  pyretJirum  mixed  with  fiour  one  to  Mfp 
by  dusting  it  on  tb«  silk  and  opening  slightly  and  Introdnoing  a  small  qnantity  u>'<' 
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the  ftpei  of  the  ear,  and  on  exuniniDs  the  foUowliiK  dkj  have  fonnd  the  worm  miaft- 
ing.    It  drives  it  out,  if  it  does  not  kill  It. 

I  have  used  it  uii  pea  Tinea  in  infnBion  1  to  30  bf  Bpraying,  bat  cannot  an  yet  re- 
pott  acoarate  lesulle,  altbongh  it  la  oertainthat  its  nne  diminisbea  theTisitBofinaacta 
ouslcindij  that  frequent  them  for  nectar.  FindinK  myself  foiled  in  proeecuting 
jiaots  iniplicitly,  uccording  to  instructiouB,  I  have  endeavored  to  Btnd;  ita 
..  where  I  have  found  it,  hoping  to  place  at  yonr  disposal  some  simple  and  feasi- 
ble plan  of  pTeventing  its  ravages  in  cotton.  Recent  observation  has  stren^rthfned  my 
belief,  as  Intimated  in  a  former  report,  that  they  prefer  ^aa  to  cotton  ;  and  it  wonld 
Heein  very  naturAl,  if  tbey  do  eat  peas,  that  aa  after  leaving  com  thej  go  into  obrysa- 
lia  at  the  foot  of  the  atallc,  when  they  emerge  aa  moth  they  wonld  commence  npon 
the  nectar  of  the  pea,  right  at  hand,  and  there  alao  incnbate,  aa  the  pea  fiimiahea  food 
for  ita  larva.  As  the  pea  continues  ta  bloom  throughout  the  seaaon,  when  visited  br 
occaaioual  showers,  it  wonld  there  find  a  continuous  and  inexhaustible  supply.  Tbia 
plan  wonld  not  only  be  within  reach  of  ever  farmer,  but  would  add  to  his  food  sapplj 
and  prove  a  bleeaing.  I  shall  continue  my  visits  daily  to  the  Geld,  and  will  commence 
spray i  UK,  under  inatrtictlona,  aa  soon  as  the  worm  makes  its  appearanoe;  and,  judging 
from  post  experience,  it  will  not  be  long  before  the  larvie  wilt  be  out  in  fall  force. 

As  the  aeaaOD  haa  been  so  nnpropitious  J  will  here  otfer  to  continue  experiments  to 
the  15th  October,  without  salary  Kir  that  time.  I  will  here  remark  that  all  the  usual 
iDMCt  visitorH  of  cotton  are  less  numerona  than  usual.  The  effect  of  Aletia  is  no- 
where Tisiblo,  though  a  few  may  be  found  in  any  field.  A  later  brood  may  atrip  the 
uotton,  but  will  be  too  late  to  do  any  damane.  The  season  has  been  characterized  by 
low  temperature,  but  abnndaat  moisture,  proving  that  high  ooatinued  tempertttute, 
as  well  as  molstore,  are  essential  to  the  propagation  of  these  two  Noctuids.  The 
fact  that  there  has  been  a  sucoesnon  of  corn  cropa  and  abnndant  pea  crops  this  sea- 
son and  an  absence  of  Boll  Worms  in  cotton  corroborates  the  belief  that  Heliothia 
prefers  the  formerto  the  latteraa  food.  Having  failed  to  find  Heliothts  in  cotton  in 
sufficient nambera for e<i>eriment,  on  the  Idth  Itransferred  IS  small  larvie  tVom  com 
to  cotton.  Oo  the  following  day  sprayed  tho  stalk  with  au  Infusion  of  pyrethrnm  1 
to  30,  cold.  On  tbe  20th  fonnd  6  of  the  number  nibbling ;  on  the  22d  and  aSd  but  2, 
and  on  tho  25th  bat  1.  Could  see  do  damage  done  by  them  nod  no  sign  of  them  upon 
contiguous  stalks.  Examined  the  field  of  cotton  referred  to  aa  having  been  visitwl 
'n  the  14th ;  there  found  on  cotton  adjoining  com  eggs  of  Heliothis.  "■  *' 
s.    wiU 


..  ■  calyx,  and  young  worms,    will  commence  operations  there  in  a  day  or  two. 

Aa  there  were  no  peas  there  the  moth,  as  predicted,  on  emerging  at  the  base  of  tbe 
com  stalk,  soaghtthe  cotton.    A  search  for  them  elsewhere  in  cotton  haa  proved  fruit- 

2Tth,  ntarked  off  plat  16  yardasqiiare  and  applied  infusion,  cold,  1  to  24,  by  spraying 
with  force  pnmp  (RnnMeyA.  Co.,  patentees,  Seneca  Falls,  N.  Y,).  I  so  direct  the'nos- 
7.1eas  to  apply  it  chiefly  to  the  nnder  surface  of  the  leaves  through  aline  spraying 
nozzle.  This  piece  of  cotton  was  selected,  as  I  there  found  a  nnmber  of  young  Boll 
Worms,  eggs,  and  also  Aletia ;  October  2,  sprayed  a  plat  of  cotton  10  yards  square, 
Dpon  which  I  fonnd  a  few  Boll  Worms  and  Aletia;  the  cotton  was  adjoining  com. 
Aletia  larvw,  half  grown,  showed  the  effects  of  the  poison  almost  immediately,  and 
after  writhing  for  a  short  time  fell  to  the  ground.  Half  grown  Boll  Worms  seemed 
leas  sensible  to  tbe  effects,  but  left  Che  boll  and  ceased  to  eat.  This  infasion  waa  1  to 
30,  cold,  and  applied  freah. 

October  3,  viait«d  the  field  where  I  hod  previonsty  used  solution  and  dusted  cotton 
with  floor  preparation  and  found  lo  sign  of  worm  either  where  I  bad  placed  the 
wonna  or  upon  adjoining  stalks.  An  pyrethrum  kills  by  contact,  the  infusion  is 
greatly  to  be  preferred,  aa,  by  meansof  asprayingpump,  it  can  be  made  to  reach  every 
part  of  the  plant.  I  would  suggest  the  use  of  tanks,  rather  fiat  than  otherwise,  ao 
that  the  pttmp  when  on  a  wagon  wonld  be  bnt  little  itbovethe  top  of  the  cotton,  and 
should  be  direct«<l  ratbor  against  the  cotton  than  over  it.  The  spray  striking  the 
plant  laterally  reaches  the  under  surface  of  the  leaves  more  readily. 

Looked  diligently  for  Heliothia  in  cotton  remote  from  corn,  but  oonld  find  none. 

October  4,  visited  a  field  where  1  found  a  few  Aletia  and  hi-re  and  there  a  Boll  Wonu. 
Applied  to  cotton  the  flonr  preparation,  1  to  10,  which  bos  been  kept  in  a  close  box 
for  several  weeks,  and  find  it  as  efficient  as  when  first  prepared.  Aletia  gave  evidence 
of  its  effects  at  once,  and  ceased  to  eat,  and  after  a  low  contortions  spun  a  web  and 
dropped  to  the  ground.  The  Boll  Worm  is  more  qniet  under  ita  infiuenoe,  a  difference 
perhapa  in  constitution,  hut  soon  becomes  torpid  and  ceases  to  eat. 

A  close  esaminatioD  of  a  field  of  cotton  which  has  both  bottom  and  upland  and  la 

in  vigorous  growth,  thongh  oC  a  rnsset  aspect,  partly  from  rust  and  partly  ftomeeason, 

-   and  which  is  an  average  specimen,  shows  less  injury  from  both  Heliothis  and  Aletia 

than  for  many  years  past,  yet  in  many  crops  thero  is  a  loss  of  middle  crop  dne  mainly 

to  shedding. 

October  7,  sprayed  a  plot  20  feet  eqnare  with  an  infusion,  1  to  24,  cold.  This  had 
npon  it  a  large  number  of  well-grown  Aletia  latvs,  bat  some  of  all  ages.    This  pliit 
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u  b»ra,  on  the  other  almost  antoDched.     Mj  abject 
Ij. , ^ -_ .■ 

npon  which  the  esg  is  deposited 

road,  LeaviiiK  behind  nntouohed  cui^uuu. 

October  10,  eiommed  cotton  where  I  hud 
fonnd  that  no  progiesB  had  been  made  in  injniy  to  tbe  leaTcs,  thon^  fonnd  a  t 
yonng  caterpillaiB ;  also,  examined  cotton  upon  which  I  had  placed  Boll  Wornu 
moved  from  com,  bnt  found  no  damage.     My  belief  is  that  when  trknaferred  ff 
one  plant  to  another  they  are  either  glow  to  eat  ot  do  not  eat  at  all.     EzMDined  Ihs 
field  sprayed  on  the  7th  and  foond  some  worms  still  there,  hot  a  coroparuon  with  ad- 
joining  cottoB  showed  that  the  pyrethmm  had  destroyed  many. 

14th,  examined  the  plot  sprayed  on  the  2d  instant,  and  found  that  nndistnibed  by 
warms  of  any  description,  and  found  some  dead  worms  npon  the  stalks.  ThilpUl 
had  also  a  ftesher  appoamnoe  than  any  sorrounding  ootton  and  was  iree  from  worms, 
while  Aletia  conld  be  found  all  aroand  it. 

I  wUl  remark  that  the  result  npon  pea  vines,  where  the  infnsion  was  applied,  wm 
exemption  from  worms,  bnt  at  the  same  time  must  confess  that  I  saw  no  dMBageelM- 
wheie.  Thongb  finding  many  leaves  perforated,  I  did  not  find  Heliothis  larra  npoo 
the  leaves  or  po<l,  but  occasionally  found  other  caterpillars. 

To  sum  np,  would  say  that,  from  my  experiments  and  eiperieuoe  with  pyrethmm, 
if  aprayed  over  cotton  or  dusted  on  the  apex  of  the  ear  of  com  so  as  to  reach  th« 
wonns,  in  infusion  or  decoction,  cold  or  hot,  in  the  proportion  of  one  ponnd  to  thirty  fi»l- 
loQR  of  water,  or  one  pound  to  t«n  of  flour  or  ashes,  it  would  effectually  protect  cotton 
agaioRt  either  Heliothis  or  Aletia;  but  a  stronger  preparation,  say  one  to  twenty-toof 
gallons  OT  one  pound  to  eight  ponnds,  wonld  be  more  efficient,  especially  for  large 
Boll  Worms.  After  being  once  touched  with  it,  I  think  they  cease  to  eat,  sicken  hm 
die.  I  wonld  prefer  always  the  spraying  to  the  dry  powder,  for  the  leoaon  that  it 
can  be  more  generally  diffused  over  the  plants ;  and  (bithermore,  beoanae  it  dictoiti 
tbe  wono  and  would,  in  many  oases  dislodge  it  from  the  plant,  and  wben  ODoe  dii^ 
lodged  or  disturbed  they  seem  to  wander  distractedly. 

As  tiefore  remarked,  Heliothis  has  not  visited  here  in  its  wonted  nnmben  iDCoCtou. 
und  unless  it  has  sought  other  vegetation,  adverse  meteorotogioal  conditions  have 
been  in  operation. 

I  believe,  however,  snccessive  crops  of  com  and  peas,  which  have  betm  a  featoreot 
lorming  this  season,  may  account  for  its  absence  in  ootton ;  and  from  this  a  hint  nutf 
betaken,  which,  if  put  in  practical  operation,  would  insnre  the  cotton  oropagainit 
damage  from  Boll  Worm,  Either  hnnd-ijickia^  or  the  nse  of  pytetlmim  with  the  fiiW 
hrnod  iu  corn  would  be  a  feasible  operation  with  any  plant«r. 

I  would  also  soy,  anhesitatingly,  that  any  farmer,  by  tbenseof  pyretbmnt  or  other 
poisons,  can,  by  watchinir  the  advent  of  the  tnt  brood  of  worms,  which  almost  in- 
variably occupies  a  small  area,  stop  its  lavages  by  a  timely  applioation,  and  at  s 
small  outlay  of  either  labor  or  money. 

Respectfully  submitted, 

E.  H.  AHSEB80N,  M.  D. 

Prof.  0.  V.  BiUT 
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COTTON  CATERPILLARS  IN  BRAZIL. 

Bt  John  C.  Braknxk. 

[Extraeted  ft^m  >  mauuicript  report  «□  cotton  io  tfati  Empire  of  Brazil — nn  account 

of  inveatigktiona  nuule  by  Mr.  Branner  uid  Hr.  A.  Koebete,  duritiK  a  trip  made 

to  Braeil  in  the  Bpring  of  IHSS.ander  direction  of  C.  V.  Rilej',] 

BISTORICAL. 

That  there  were  oat«rpill<uv  that  destroynd  the  loBTea  of  the  cotton  plant  wna  known 
to  the  earlieat  aettlera  of  Brazil.  In  ttie  RolMro  do  Braiil,'  written  between  1570  And 
158T,  Gabriel  Sowee  de  Sonza,  in  niealcing  of  the  kinds  of  cnterpillara  in  the  provinea 
of  Bahia,  aayat  "Some  of  them  OMtroy  the  yonng  mandioca,  ootlon,  and  rice,  and 
injare  the  aogar  caoe,  and  sometimea  there  are  so  many  of  them  that  the  roads  are 
foil  of  them,  aod  tbey  leave  the  gronnd  over  which  they  have  paaeed  elear  of  graas 
and  parched." 

In  1794,  Dr.  llanaelArmdada  Camara,  natnraliit  in  the  service  of  the  Kins  of  Por- 
tugal, wrote,  at  Pemambuco,  his  treatise  upon  cotton,  t  In  Chapter  Til  of  this  work 
he  treat*  ot  the  diaeaaoB  pecnliar  to  the  cotton  in  Brazil,  and  of  the  ineects  affei^ting . 
it.     The  following  ia  what  he  wrote  upon  the  caterpillac : 

"There  are  cat«rpiUar8  proper  to  the  cotton  plant,  which  live  upon  its  leaves,  and 
which  are  ao  voracions,  aud  ftppear  in  such  numbers  in  certain  years,  that  in  a  few 
days  they  eat  np  a  whole  cotton  plantation,  gnawing  even  the  tender  shoots  ho  that 
the  plants  appear  to  bave  beeii  swept  by  Are.  These  insects  go  through  their  whol* 
metamorphosis  within  twenty  days,  a  little  more  or  less ;  that  is,  up  to  the  laet  meta- 
morphosis, called  by  botanists  the  imago  revelala.  This  plague  iIops  sreat  dnmage  to 
the  yonng  plants,  for  they  eat  tbem  off  almost  even  with  the  surface  of  the  ground,  be- 
cause they  Snd  the  trunk  still  tender.  They  do  not  fail  to  injure  the  grown  plant 
seriously  also,  especially  when  freshly  flowered,  for  their  fruit  docs  not  come  to  per- 
fection, and  it  is  difficult  for  them  to  take  on  new  foliage.  Sonietimee,  however, 
when,  after  haviuK  oaten  for  some  days,  a  heavy  rain  falls  on  thuui  that  knocks  them 
to  the  earth  and  kills  them,  the  cotton  plants  put  out  lateral  branches  -n'hicb  produce 
an  admirable  qnantity  of  fruit,  and  thus  they  serve  the  purpose  of  a  pruning.  The 
caterpillar  does  not  generally  come,  siLve  in  the  season  of  the  early  rains,  commonly 
called  the  'first  watvrs.'  >'or  the  same  leason  they  are  calk'd  'papillon  printan- 
ier '  in  Cayenne  and  San  Domingo.  If  these  first  rains  are  followed  by  contiouons 
BUDBbinc  or  by  a  fuw  lirbt  raius,  these  caterpillars  appear  in  great  abnudance ;  but 
if  tlio  rains  continue  aGundaot  and  heavy,  those  that  have  appeared  perish,  and  new 
broods  are  prevented.    0  ..... 

they  bave  been  i(een."t 

■  Emi$ta  do  jBstitato  HUtiyHat  do  Brazil,  1651,  p.  36d. 

t  Uanoria  lobrt  a  Cullura  do>  Algodoeiroi,  nor  Mannel  Armda  da  Camara. 

i  In  theee  two  accounts  atone  we  have  sufficient  evidence  of  Ihe  existence  of  "Cot- 
ton Worma"  in  Brazil  since  the  iirst  settlement  of  the  country  by  the  Portnguoae. 
In  the  Department  of  Agriculture  Report  (1879)  on  Cotton  Insects,  pp.74  and  356, a 
writer  is  quoted  as  sa.viug  that  Cotton  Worms  were  uL'vor  observed  in  SAo  Panlo 
prior  to  1863,  and  that  after. cotton  began  to  bo  extensively  cultivated  tbey  appeared 
m  such  numbers  as  to  canse  the  culture  to  bo  ne.irly  abandoned  in  1374. 

A  glance  at  the  statistics  of  exportation  from  the  province  of  Siio  Paulo  shows  that 
while  cotton  only  began  to  be  eiported  iiljoiit  1861,  the  exports  in  1973-'4  werelariar 
than  in  any  year  before  or  since.  The  natural  explanation  tben^fore  is  that  when  the 
planters  took  no  interest  in  cotton  culture,  caterpillars  never  troubled  them,  but  in 
proportion  as  the  cultnre  grew,  the  ravages  of  these  iuseota  attracted  increaeed  atten- 
tion from  them. 

63  OONO — ^AP 4  *-    ^ 

i:q,t7edi.yG00<:^lc 


[50]       BEFOBT   i,  UNITED    STATES   ENTOMOLOGICAL    COHMISBIOH. 

KoBter,  nboae  Ti-aveJi  in  Bratil  cover 
cotton  caUnre  in  the  northern  provinoe 
favorable  yeare  hy  the  planters  of  cotton  are  enormona  ;  bnt  frequent,];  diHppirint- 
ment«  are  exEierienccd.  Oftentimes  a  ivhole  crop  is  totally  lost,  and,  instead  i[UiB> 
mtnme,  the  year  proves  entirely  noproductive;  or,  after  a  fair  promise,  the  ^b,tk( 
oaterpillaT,  the  rain,  or  the  excessive  drought,  destroys  all  Lope  nntil  the  following  era- 

Referring  to  the  cotton  plants  in  tlie  province  of  Minas  Geraps,  Angoste  it  Saist- 
Eilaire  says: I  "lis  out  uu  ennemi  reduutable;  c'est  uue  chenille  arpenteose  qui  en 
mange  les  fenilles,  et  fait  beaucoap  de  tort."  In  a  foot-note  he  adds:!  "  J'si  condoe 
qn'efle  fitait  arpeutease,  de  la  description  qu'ou  m'en  a  faite,  ear  je  nel'ai  point  rue. 
Berait-ce  la  Noelaa  gotaypii  Fab.T" 

Mr,  Lyman saya;^  "Along  the  coast  the  climate  is  unfavorable,  aiidtheravagMof 
insects  are  such  aa  to  make  the  cotton  crop  very  nncertain." 

Dr.  Antonio  Be^o,  in  his  Atmutuuilc  do  Povo  para  1867,  iu  speaking  of  the  drawbicli 
to  cotton  raieing  la  the  province  of  Maranbao,  says ;  U  "  The  dovelopment  of  colMs 
RTOwing  is  subject  to  certain  drawbacliB.ftmoug  which  are  •  ■  •  insects, saeh » 
the  caterpillar,  and  others  less  i^jurioofl."     •     -    • 

Dr.  Burlamaqui,  the  then  secretary  of  tbo  Sociedade  Ausiliiulora  da  Indostria  Si- 
clonal  at  Rio  de  Janeiro,  irrote  a  mono^apb  upon  the  cotton  plant  in  1863,  in  nbicb 
he  says  :1  "  The  Noclua  goeiypii  caterpillar  of  the  cotton  plant  generaUy  lives  alone, 
bnt  it  often  forms  part  of  numerous  smarms.     Then,  as  if  they  hod  been  coDTokeil  to 

Eve  the  planter  a  lesson,  they  march  in  close  columns,  enter  the  cotton  field,  and  Id 
as  than  twelve  lioiirs  destroy  the  It^aves  and  flowers  and  tlio  tender  capHolfs  Md 
young  twigs.  This  destruction  may  be  recognized  aC  a  great  distance  by  the  odor  of 
the  droppings.  As  soon  aa  one  cotton  field  isdestroyed  thej  march  to  another,  destroy 
that,  and  so  on.  Fortnnately,  however,  the  number  of  caterpillars  gradually  decream 
for  many  of  them  passing  into  the  chrysalid  stage,  bury  themselves  in  tbe  eonli. 
These  attacks  do  not  occur  every  year,  or  at  fixed  periods." 

Dr.  Migael  Antonio  da  Silva  has  the  following  reference  to  caterpillars  thst  isjun 
the  cotton  plant:  •*  "The  plantations  are  exposed  ■  •  •  to  the  attacksofdivera 
enemies.  The  most  relentless  of  these  are  two  species  of  noeluellaa  (nocliumilfTii'fi 
and  noctua  goaiypii),  the  latter  of  which,  in  the  larval  state,  often  despoils  the  plants 
of  their  foliage,  flowers,  and  fruit  iu  the  space  of  twenty-four  hours  1" 

These  brief  references  constitnte  the  literotnre  of  the  subject  of  the  Cotton  Wom 
in  Brazil;  anditshould  be  borne  in  mind,  at  the  same  time,  that  there  is  □othiDCl" 
indicate  that  Dr.  Burtamaqui  and  Dr.  Silva  knew  of  the  existence  of  such  insects  in 
that  country. 

Outside  of  the  cotton -growing  districts  one  never  hears  of  them,  even  thongli  te 
make  the  most  careful  inquiry,  unless  perchance  he  enconnters  a  planter  of  eottoniH 
a  resident  of  the  eottoa-growing  region.    - 

In  IHTl  tho  Novo  ifuRdo  pnliHshed  a  short  article  npon  the  Cotton  Worm  in  Ine 
United  States.  With  reference  to  this  subject  in  Brazil,  the  article  saysMt  "Up to 
the  present  it  does  not  appear  that  the  cotton  plants  in  Brazil  have  snffered  mneb 
from  theinaect  proper  to  them."  These  remarks  received  the  indorsement  of  tbe  trdi- 
'  tor  of  the  Aaxiliador  da  Indailria  ykmonal,  the  leading  anthority  on  ogricultuial  mnt- 
terg  in  Brazil,  to  such  an  extent  as  to  be  copied  in  that  journal »  in  187S,  togctwr 
with  the  very  poor  illastratiou  that  accnmpanied  tbe  original  article,  a  fact  "-bica 
would  indicate  that  it  is  not  generally  known,  even  to-day,  that  the  caterpillars n* 
serious  damage  to  the  cotton  plants.    'And  snch  indeed  is  the  case. 

Although  diligent  inquiry  was  made  at  Pnrfi,  MaranhSo,  and  Pemambnoo,  no  oW 
mas  fonndwho  uad  any  knowledge  of  an  insect  injurious  to  the  cotton  plant.  Iu  IM 
last- mentioned  city  I  hoped  that  the  agricultoia)  society  woald  be  aole  to  foniu 

'TrattU  in  Brazil,  b 

Woyagedani  let prorincet 
aire  (1817-'1B),  vol.  11,  p.  H 

tThis  note  was  made  in  ISIT-'IS. 

iColton  Cullure,  by  J.  B.  Lylnac,  p.  154. 

i  Almanack  do  Poco  para  l&ST,  par  Dr.  Antonio  Rego,  MaranhRo. 

itifonoffrapAiodo^Vo<'o«'''o,  pelo  Dr.  F.  L.  C.  Bnrlamaqui,  Rio  de  Janeiro,  IwSir- 
66.  It  shoold  he  remarked  in  regard  to  what  both  Dr.  Burlamaqiii  and  Dr.  Uigoel 
Antonio  da  Silva  say  in  regard  to  Cotton  Worms,  that  it  is  not  clear  that  they  ref« 
to  caterpillars  as  being  fonnd  in  Brazil,  and  the  fact  that  their  writinns  npon  collno 
are  largely  compiled  from  writers  upon  cotton  in  other  countries  would  streDglbfii 
this  doubt.    But  such  cannot  be  said  of  any  of  the  other  writera  quoted. 

"Beritla  Agrirola  do  Imperial  Inatituio  FltaniHeme  it  AgrieullHTa,  No.  5,  Sept,  is^i 
p,  12.      Vidv  also  foot-uole  on  preceding  page  iu  reganl  to  Dr.  Burlamaqni's  «»»»>■ 

tt  O  A'oro  ifujido,  Mav  24,  1871,  p.  l%\. 

1%  Auxiliador  da  IndvHria  Saeionak  ltt78,  pp.  159-160. 
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some  definiU  iofonnation  upon  tliis  anbject,  bnl  none  of  the  prominent  members  in 
the  city  know  of  ench  ioaecf  8.  In  Bahia  alonn,  after  bavinK  finished  the  fleld-work, 
did  I  fiud  one  geDtleman,  Dr.  Antonio  do  Lacerda,  wbo  biM,  at  the  reqoeet  of  Prof 
C.  V.  Riley,  bred  one  of  the  motbs  iiom  a  caterpillar  fouod  upon  a  oott«D  plant  in  the 

Buburbs  of  tliat  city. 

OBSBRVATIOMS. 

The  time  of  Ibe  appearance  of  the  caterpillars  depends  upon  when  the  firat  rainsof 
the  winter  season  statin,  and  Ihcir  abnodonceorecarcity  depends  upon  tbere^Iarity 
or  irregnlaritj'  of  the  rains.  Tbey  appear  at  the  setting  in  of  winter  every  year  in 
greater  or  loss  nnmbers,  but  it  in  the  universal  tentimony  of  cotton  planters  that  the 
seasons  in  wliiuh  winters  set  iu  early,  and  tn  wbiub  one,  two,  or  three  neoks  of  rain 
are  followed  by  from  a  week  to  a  month  of  sunshine,*  are  the  ones  in  whlcli  the  cat-  - 
en'illars  do  their  ereikteat  injnry.t 

As  has  already  been  observed,  the  beginning  of  the  rains  in  not  perfectly  regular, 
as  it  Bometimes  varies  a  month  or  two  one  way  or  the  other.     In  the  province  of  For- 
is  which  border  upon  it,  it  is  generally  expected 


far  it  is  general^  in  these  months  that  there  is  a  temporary  ceaaation  of  the  rej^ular 

■winter  rains.     They  appear,  thonRh,  in  small  nnmbprs  much  earlipr,  even  in  the 

>ntb  of  Janaary,t  and  it  is  posBiblethat  in  some  localities  and  under  cironmstance 


rains  of  the  early  part  of  winter  are  regular^  and  there  id  no  interval  iif  dry  wuathcr, 
caterpillars, will  not  appear  in  numbers  sumcient  to  do  any  serious  injury  to  the  cot- 

The  (TuratloD  uf  this  peat  also  depends  upon  the  weather;  that  is,  upon  the  length 
of  the  veramiM,  or  short,  dry  season.  To  the  difference  in  the  len^h  of  the  vtranico  is 
piobubly  due  the  difference  in  the  duration  of  the  caterpillars  an  given  by  the  auavveis 
to  the  circular.  '  According  to  these  ansn-ers  the  length  of  this  short,  dry  season  voriea 
from  one  -neek  to  three  months. 

It  is  the  universal  testimony  of  the  planters  that  when  the  regular  heavy  tains  of 
winter  begin,  the  oaterpitlars  disappear.  If,  however,  the  rains  do  not  couiu  on 
shortly  after  their  appearance,  the  plants  are  completely  defoliated,  and  even  the 
tender  twigs,  the  young  bolls,  and  sometimes  the  tender  bark  of  the  plants,  ar<>  de- 
voured, leaving  the  field  as  bare  as  if  it  had  been  burned.  It  is  said  that  when  tbiiy 
appear  in  large  umnbets,  one  can  hear  the  sound  nf  their  gnawing  the  leaves,  and 
their  excrement  emits  a  characteristic  odor  which  may  be  dietingnished  at  a  coueid- 
able  distance. 

No  observatioss  that  can  be  relied  upon  hare  been  made  in  regard  to  the  kinds  of 
soil  on  which  the  caterpillars  first  appear,  or  which  they  prefer  or  avoid.  [  have 
been  told  by  several  persons  that  they  are  not  so  likely  to  appear  in  fields  neivly 
planted,  and  which  have  Just  l)een  bnmed  over,  a  fact  which  t£ey  attribute  to  the 
presence  of  the  ashes  on  the  soil.  Some  afflmi  also  that  they  prefer  high  ground, 
others  that  tbey  prefer  lowlands;  some  say  rich  and  some  say  poor  gronnd.  The 
only  indication  that  they  prefer  plants  growing  upon  good  soil  is  the  fact  that  the 
planters  of  Sao  Panlo  planted  their  cotton  on  poor  or  wornoat  lands,  rather  than  ex- 
pose it  to  the  ravages  of  the  caterpillars  on  the  best  soil.J 

During  the  stay  at  Bonito,  in  the  province  of  Pemambuco,  we  first  found  the  Pgga 
and  larvte  on  the  lower  and  more  moist  ground ;  later  there  seemed  to  be  no  appre- 
ciable difierenee  in  the  numbers  found  on  low  or  bigh  ground. 

It  is  said  that  the  younger  plants  are  the  ones  that  suffer  most  from  the  ravages  of 
those  insects,  and  when  they  appear  shortly  after  the  cotton  has  started  from  the 
ground,  they  eat  the  plants  up  entirely,  and  render  replanting  necessary,  while  tho 
plants  already  grown,  and  above  all  the  old  tree-eotton  plants,  suffer  comparatively 
much  lose.  The  injury  done  the  young  plants  is  bo  great  in  some  parts  of  the  country 
that,  rather  than  run  the  risk  of  losing  their  whole  planting,  cotton  growers  do  not 
plant  at  the  beginning  of,  or  before,  the  rainy  season  sets  in,  but  wait  until  the  end 
of  the  short,  dry  season,  or  till  the  time  of  danger  is  past. 

'This  season  is  called  reranico  (diminutive  of  teroo — summer)  in  the  Portuguese,  and 
corresponds  to  our  Indian  summer. 

tSucb  weather  is  favorable  to  tho  appearance  of  all  hibernating  Inseots  in  Brazil. 
Wben  the  rainy  season  sets  in  insects  come  out  at  once  iu  large  numbers.  They  are, 
therefore,  most  abundant  iu  March,  April,  and  May,  and  during  those  months  they  are 
often  very  annoying  at  night,  flying  into  rooms,  when  attracted  by  lights,  in  great 
nuuibets.  When  we  reached  Bonito,  in  the  province  of  Femambnco,  In  the  early 
part  of  January,  insects  were  comparatively  very  scarce,  and  when  we  left,  toward 
tho  end  of  February,  they  were  much  mora  plentiful. 

t  The  first  eggs  and  young  caterpillar  were  found  by  Mr.  Eoebele  at  Bonito,  in  the 
province  of  Pemambuco,  January  S,  1933.  » 

$  This  note  was  taken  by  Mr.  W.  T.  Gepp  In  the  provinos  of  SBo  Paolo  In  ISTfl, 
from  a  prominent  planter. 
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So  far  it  has  not  been  attempted  to  diBtingtiiali  between  tlie  two  Hi>eciefl  of  Iirrs 
that  affect  oottAO-ploiits  in  Brazil.  Aa  a  rule,  the  peophs  of  the  cotton  region  call 
then  all "  cotton  catorpillars,"  and  1  saw  but  one  person,  a  farmer,  who,  when  ib« 
twolarre  were  ahown  bim,  recognized  the  fact  that  they  were  different,  and  Thou- 
.  enred  me  that  the*  was  the  "true  cotton  oaterpiilar,"  as  he  called  it.  Thei  sperin, 
he  said,  also  devoured  the  cotton,  but  tbey  never  seemed,  to  be  so  plentiful.  Hov 
innch  oredeucB  is  to  be  given  to  this  statement,  it  is  impoeaible  to  asy,  nntil  fortbn 
observation  shall  have  been  made. 

It  is  not  to  be  ezpect«d  that  the  plsnters  would  observe  carefully  the  first  appetf- 
auceof  the  larvEB,  or  that  thoy  should  notice  their  pT«eencB  at  all  nn  til  IheybMMM 
dan^rouH ;  and  snob  is  the  oaMi.  This  also  explains  their  asaertioiui  that  the  mutu 
appear  in  April  and  May.  Up  to  tbe22dof  February  the  plaateraabaDl  Boailoin- 
sistedthat  there  were  no  caterpillars  in  lheoott«n-fields,  althoagh  they  bad  been  fomj 
by  us  for  more  than  a  mouth. 

At  Bonito,  January  ti,  1883, 
first  moth  came  out  Janoar;  :  ^  _ .         . 

ary  8  till  Febmary  33,  and  tbe  motha  were  bied  aa  rapidly  as  posaible.  But  it  wit 
not  until  tbe  6th  of  Febmary  that  t  came  oat,  jnat  two  weeks  after  the  appeannct 
of  the  first  b. 

Up  to  February  22,  there  wsre.JnaU^abont  5j91  Bpeoimena  of  these  moths  bred.  Of 
this  number  only  48  were  f ,  all  of  which  came  out  between  Febmary  6  and  Febniiiy 
33.  Aside  from  theee  that  were  bred  indoors,  either  from  larvce  one  or  two  itjt 
old,  or  from  the  eggs,  there  were  only  three  »,and  twenty-two  6  captnred.  EvMvef- 
fort  was  made  to  capture  both  kinds  of  moths,  but  baiting  and  the  use  of  lights  i« 
attract  them  were  quite  unavailiug.  A  few  b'a  were  taken  along  with  larjce  uninlMn 
of  noctuidst  that  frequented  the  Bowers  of  the  Gleome  heptaphylla  that  grew  abm- 
dantly  about  our  bouse.     Out  of  the  25  tbos  captnred,  only  three  were*. 

Tbe  eggs  from  which  tbe  moths  were  reared  were  found  ou  the  inferior  sides  of  tht 
cotton  leaves,  while  tbe  larvae  were  takiug  by  beating  tbe  bushes,  none  of  ibem  ti«- 
ins  rejected. 

The  eggs  and  young  larvte  when  taken  were  placed  in  breeding  cages  together.  uA 
fed  until  they  pupated,  wbeutbepap»  were  removed  to  other  boxes.  It  wssnotiod 
that  the  e'e  generally  webbed  up  lu  tbe  gauge  covering  of  the  breeding-boxte,  «lu> 
the  b'a  preferred  the  bottom  of  the  boxes  and  thocottAD  leaves  or  bfts  of  paper  plioii 
tbeie  for  tbem. 

The  time  passed  in  tbe  pupa  state  appeals  to  be  the  same  with  one  as  with  tbr 
other  species.  Of  tbe  143  observations  in  regard  to  tbe  time  from  tbe  day  of  mill- 
ing til!  the  iMue  of  the  perfect  insect,  108  were  made  npon  b,  and  32  npon  *.  In  tbr 
case  of  tbe  latter,  the  insect  remained  in  tbe  pupa  state  as  follows : 

Days  in  the  pnpa :  Cms*  otovni. 


In  the  case  of  b,  the  time  passed  in  the  papa  state  waa  as  follows : 
Days  in  the  pnpa: 

C-eaoW^ 

*0f  the  insects  here  referred  to,  those  marked  b  include  a  very  variable  sptcia. 
which  is  AnontU  dtrogata,  while  those  marked  «  are  the  genuine  Aletia  zytita  (Sayl- 
For  further  particulars  see  noto  (53). 

t  Fifteen  others  were  bred  at  Itahia,  of  which  three  were  ». 

I  Mr.  Koobole,  unaided,  caught  in  the  cyanide  bottle  more  than  a  hundred  motb!i>D 
the  Clcome  flowers  almost  every  nigiit  after  Febmary  8.  One  evening  he  canght '."' '-'. 
another  23d,  and  another  439.  Tbese  moths  were  taken  between  8  and  II  o'clock,  aflf^ 
which  hour  but  few  were  seen.     On  several  other  evenings  he  caught  over  SOD  in  tl  t 
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Id  oil  eases  wbere  the  insect  rematued  in  the  pupa  i: 
liad  been  kept  in  a  close,  glass-coveied  box,  wfiion  n 
tiUted  at  all. 


The  weather  was,  daring  this  time,  fbr  the  most,  rather  cool  for  the  time  of  year. 

The  moths  came  ont  generally  between  7  and  <).30  o'clock  in  the  evening,  though  a 
few  came  out  a  little  earlier,  and  qnite  a  number,  especially  toward  the  last,  issued 
as  late  as  2  o'clock  in  the  morning.  "^  , 

Broodi. — Time  did  not  permit  extended  observatians  in  regard  to  the  nnmber  of 
broods.    From  what  is  known  of  the  habit  of  the  insect  in  the  United  States,  anil  the    ' 


of  broods  will  be  greater.     As  the  climate  of  Brazil  does  a 
cientlj  cold  t«  kill  the  pnpro,  the  numbers  thatss 
hibernation  mnut  be  very  great. 

On  the  otherhand,  the  comparatirely  anouUivated  fields  in  which  cotton  is  grown 
tend  to  favor  the  nnmber  of  insect  enemies  of  the  cotton  insects.  On  almost  every  cot- 
ton plant  onmbers  of  spiders,  beetles  and  ants  were  foand.  Sometimes  a  dozen  or 
more  empty  egg-shells  were  found  upon  a  single  plant,  and  the  moat  careful  search 
^vonld  not  discover  a  single  caterpillar,  cither  large  or  small,  while  a  few  small,  trans- 
parent spots  in  the  leaves  would  show  that  the  yonng  larvie  had  t>een  there,  and 
were  probably  devoured  by  some  of  their  enemies.  The  plants  are  too  high  for  do- 
meatlo  fowls  to  be  of  much  service  in  devouring  tbem,  but  the  planters  say  they  are 
eaten  bjr  all  kinds  of  wild  birds.* 


tnd  remedies  recommended  byBnrlamaqui  are  as  fol- 

"  These  lorvie  always  spare  the  plantations  that  are  full  of  bad  grass,  especially 
of  certain  kinds,  like  Parlhenitim  hseterojikuTiii  for  example.  When  they  enter  a  plan- 
tation they  attack  the  plants  in  the  middle  of  it  first.  Tbey  keep  always  on  the 
abady  side,  for  tbey  fear  the  snn,  the  wind,  and  the  rain.  They  prefer  those  plants 
that  are  near  together,  and  care  but  little  for  those  that'^are  at  proper  distances  fh>m 
each  other.  They  never  destroy  a  cotton-fleld  in  which  the  plants  ore  far  enongli 
sport  and  completelv  free  from  useless  plants." 

In  some  parts  of  tne  cotton  region  it  le  the  custom  to  replant  the  cotton  abont  the 
time  the  pl'wne  is  at  an  end,  and  then,  b j  the  time  they  have  disappeared,  the  young 
cotton  will  have  be^un  growing. 

No  direct  remedy  u  known,  and  I  was  unable  to  hear  of  any  ever  having  been  tried. 
One  gentleman,  who  was  said  to  be  an  authority  iu  regard  to  agricultural  matters, 
said  that  he  had  been  told  that  salt  applied  to  the  roots  of  the  plants  killed  the  in- 

Wheu  asking  foe  some  snggestion  upon  the  subject,  the  answer  was  frequently  given 
that  nothing  short  of  the  "intervention  of  God"  oonld  stop  such  a  plague  when  once 


In  the  absence  ot  agricultural  statistics  it  is  difBcult  to  find  ont  the  percentages  of 
iMses  caused  by  Cotton  Worms  in  Brazil,  and  whatever  percentage  is  settled  npon  as 
the  correct  one  it  must  necessarily  be  unsatisfactory.  I  was  fortunate  in  obtaining 
notes  made  in  the  province  of  Siio  Paulo  in  ItfUt  by  Mr.  William  T,  Gtepp,  of  Rio  da 
Jaueito.    From  a  well-known  planter  at  Itaicy  in  that  province,  who  had  grown  c<' 


ton  for  a  great  many  years,  bnt  who  had  abandoned  it  in  1873  on  account  of  the  dam- 
age caused  by  the  caterpillata,  Ur.  Qepp  obtained  the  following  information,  which  I 
copy  fiwm  his  note-book : 

''  Cateipillars  prefer  good  gronod ;  worn  lands  not  so  subject,  bat  the  yield  is  only 
half  crop."  The  planters  were  then  planting  tbeir  cotton  npon  worn  gronnd,  pre- 
ferring the  half  crop  to  what  the  caterpillars  would  leave  them  npon  better  soil. 


crop  b;  gnawing  into  the  green  bolls.    This  is  the  only  part  ol  the'  plant  distorbed 
by  tbem. 
1  MoHograpkia,  por  Dr.  Barlamatial,  pp.  56, 57. 
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Tliu  ^ves  on  average  Iohb  of  34}  per  cent.,  or  ut  33^. 

TLe  opinions  and  eatimat^a  here  given  may  aafely  be  taken  to  repreamit  alao  tboM 
of  more  tlian  a  hundred  cotton-planters  with  whom  I  cooTersed  apon  tbU  snl^eetin 
the  province  of  Fernambnco. 

Table  ihouiing  the  offldal  value,  4ii  mllrale,  of  the  ootUm  exported  from  Braril  durtnf  tis 
ttee»ts-fo*r  ytarefrom  185J-'52  to  VSJ(t-n&,  and  ike  loteee  omaid  by  eai^rjMUre. 
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■  iaST  MIUM.   Bat  dartag  tlie  period  eoTvred  by  the  tabic. 

fluotBallOM  weMTery  jp«rt;owlag  largely  to  Om  mr  with  Pangnay.     The  average  rata  «f  ei- 
aEdthe  redaotlani  are  made  at  tlila  aveia(e  Tats. 


.—Thepar  Valoe  of  tba  BraBtlUnmi 

taaUoiUT- ■— '  — •—  '- 

cbange  VM  ^  pi 

This  table  repreiienta  the  offloial  value  of  the  exports  previODsly  giveo.  It  U  in- 
complete, on  account  of  the  exports  not  being  given  lot  ever;  year  tmnx  same  of  the 
provinces.  Neither  is  the  cottou  used  for  borne  ccnsnmpUon  inolndad  id  the  amonnt 
npoii  which  the  losses  are  catcolatcd. 

If  the  losses  are  compnted  for  the  whole  production  including  home  consomption  of 
cotton  in  the  Empire  for  the  34  years,  it  gives  766,11)6,037  pounds  as  tha  total  loaa  in 
cotton,  or  an  average  annaal  loss  of  31,9^,33S  pounds. 

BOLL  WORM. 

No  Boll  Worm  was  foond  in  the  provinces  of  Pomarabnco  and  Bahia,  and  though 
earefnt  inquiry  was  made  amoug  the  planters  for  it,  they  aicreed  that  no  snch  insect 
was  known  in  that  part  of  the  country.  In  the  replies  to  the  circulars  which  I  aent 
ont,  a  few  Boll  Worms  are  said  to  be  found  in  the  province  of  Msraobao,  where  they 
do  but  little  injury  to  the  cotton.  Another  correspondent  from  the  same  province 
sa.vs  that  he  does  not  know  of  such  a  caterpillar.  Taken  together  they  may  indicate 
that  the  Boll  Worm  does  exist  in  that  province,  but  that  it  rarely  attacks  the  cot- 
too.  The  answer  from  the  province  of  Minas  G^rsea  admits  the  presence  of  the  Boll 
Worm,  while  those  from  the  province  of  Pemambuco,  with  the  exception  of  one,  aay 
that  it  is  not  known  there.  I  have  been  able  to  find  no  referenoe  to  It  la  the  writiuga 
upon  cottou  in  Brazil. 


5dBiGoo<^lc 


APPEIVDIX.TI. 


BEPOET  OF  JUDGE  WILLIAM  J.  JOSES.^ 

ViROiNiA  PoiXT,  Tex.,  October  5,  1B30, 
8lB :  M  ao  time,  from  Che  commeDoement  of  active  in^eatigatioDa  and  study  of  the 
origin,  tiabite,  ami  destractive  tendencieH  of  Alelia  xylina,  have  ao  mouy  oliBtaclas  pre- 
Bonted  thennselves  to  a  full  and  eshauative  reaearch  into  the  moat  int«reBtinK  facta 
growing  oat  of  tlie  qnestion,  no  Teiy  important  to  Buccesa  of  cotton  growth  in  the 
south.  Dnring  the  aeasou  juet  paased,  through  the  whole  length  and  breadth  of 
the  laud  wbeia  ootton  baa  beeu  cultivated  (except  in  a  few  favored  localitiea),  com- 
mencing early  in  July  and  not  yet  terminated,  there  has  been  a  con tinnona  fall  of 
rain,  nnpteoedented  in  tliehiatory  of  cultivation,  destroy  ing  a  very  large  portion  of  the 
crop,  aa  yet  UDdeterniitied  and  impossible  of  occnrate  eatimate,  till  the  remainder  ia 
aecured  and  ginned  and  marketed.  As  far  as  uiy  obaervation  and  memory  date  back, 
I  have  diseovered  iii  this  year  a  more  anomalous  exhibit  in  the  movement  of  this 
fugacious  enemy  of  the  cotton  than  before  remarked  in  a  period  of  forty  years  past. 
UpuD  a  considerable  number  of  plantaliona,  which  1  waa  enabled  to  viait  in  despite 
of  Ibe  frustrating  conditions  of  the  weather,  I  obaerred  what  I  hod  never  before 
witueaaed,  the  obvious  fact  that  in  almost  every  held,  where  .the  fly  had  deposited  its 
^SS^  were  plainly  to  be  seen  sectiona  of  the  crop  upon  which  no  worms  hnd  appeared, 
although  only  aeparated  by  a  onru-patch  or  tnrn  row,  while  the  remainder  of  the 
field  waa  entirely  riddled  by  these  truonlent  depredators. 

In  looking  for  some  lat«nt  cauae  for  these  special  exemptions,  I  fonnd  in  almost 
every  inatanoe  that  the  unmolested  spots  were  the  early  and  well-cultivated  portions 
of  every  field,  clearly  manifesting  an  evident  instinct  in  the  mother  moth  for  the 
■election  of  those  plants  in  the  most  aucoutent  atate  and  offering  suitable  sustenance 
for  their  larva.  I  fonnd  that  the  some  views  prevailed  among  the  planters  themselves 
aa  to  my  observations  and  the  theory  upon  which  they  were  based. 

To  some  of  the  qoestiuna  embraced,  in  your  Circular  No.  T  *  very  few  planters  were 
prepared  to  give  any  answer  clear  to  themselves  or  satisfactory  to  you.  To  Xos,  1 
and  S  I  failed  to  obtain  any  definite  information.  To  the  3d  a  large  number  an- 
Bwered  they  hod  remarked  no  special  difference.  The;  were  reminded  that  in  1867 
and  1869,  when  the  ground  was  frozen  abont  the  middle  of  March  of  each  year,  the  fly 
had  appeared  early  and  tlie.worms  wore  very  destructive.  To  the  4th  the  replies 
were  uniform,  that  the  worms  appeared  earlier  and  were  more  numerona  and  deatruc- 
tive  in  wet  than  dry  weather.  To  the  5th,  they  had  observed  thera  since  1804,  In 
some  years  as  early  as  the  first  week  ia  May.  To  the  6tb,  the  firat  motha  aeemed 
olwaya  to  seek  the  rankest  cotton,  which  was  most  generally  to  be  found  in  the 
richest  land.  The  answers  to  the  7th  question  were  varied  and  unsatia factory,  though 
a  m.ijority  inclined  to  favor  the  ground  hibernation,  because  they  had  plowed  up 
chrysalids  resembling  Aletia,  and  yet  few  bod  aufllcient  cariosity  or  had  taken  the 
trouble  to  hatch  them  out.  But  a  few  of  the  moat  intelligent  and  obaervant  planters 
were  very  positive  they  hod  seen  the  moths  alive  in  protected  spots  and  after  the 
coldest  weather  in  winter,  and  had  no  doubt  iu  regard  to  identification.  To  the  8th 
qnestion,  it  was  answered  with  one  accord  that  the  iusectioidea  most  generally  observed 
were  the  small  ante,  dispersed  everywhere  in  the  cotton  fields,  many  varietiea  of  birds, 
and  some  domestic  fowls,  where  fields  were  convenient  to  habitations,  aa8ist«d  by 
spiders,  wdaps,  yellow -Jackets,  and  dirt-danbera,  as  known  to  plantation  parlance. 
Among  qnaampede,  none  but  wild  animals  were  supposed  to  prey  upon  the  worms,  aa 
hogs  were  fenced  out  and  not  allowed  in  the  fields.  To  the  9th,  opinions  were  about 
equally  divided  as  to  practical  reeulte,  though  a  very  general  concurrence  of  viewa 
Id  favor  of  lights,  if  all  planters  would  set  them  at  or  near  the  same  time.  A  few  had 
used  lamps,  with  pans  smeared  -with  coal-tar  or  filled  with  moloseeH  and  vinegar. 
Hardly  any  were  satisfied  with  the  results,  as  this  style  of  warfare  was  not  in  general 
nse.    One  planter  thfinght  be  had  hastened  the  destruction  of  his  crop,  though  hia 

*  See  introduction. 
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reMrvoira  at  the  foot  of  the  lighta  were  flUed  with  the  fiiee,  wh'ile  aaother  waa  eqaatly 
convinced  that  the  operatians  of  the  worms  had  been  greatly  retarded,  and  be  was 
aatiaGed  that  from  this  canse  he  had  fared  better  than  his  neighbors,  who  bad  Dot  been 
BO  provident.  -  Very  mau;  observers  of  the  moth  believed  they  were  readily  attracted 
by  aweetu,  aa  tbey  were  generally  noticed  hovering  about  the  aorghnm  kettiee  and 
vats  in  the  boiling  seaaon.  None  had  teen  them  feciling  npon  any  leaf  or  dower.  To 
the  111b,  all  answered  they  did  not  know  any  flowers  that  attracted  theu.  To  ihe 
t2th,  it  was  stated  by  all  qtieationeti  that  they  hod  no  eiperienoe  of  the  Jnte  plant. 
One  purty  hail  grown  Jute,  but  bad  no  opinion  as  to  its  effects  upon  the  fly  or  worm. 
To  the  13lb,  many  planters  appeared  to  favor  the  nse  of  Pikria  Kreen  and  arsenic,  whil« 
otbcni  were  equally  satisfied  with  the  arseniate  of  soda  and  London  pnrplo,  it  being 
with  most  planters  a  question  of  cost,  which  decided  their  predilection.  To  the  i4tb, 
no  harm  need  result  to  man  or  beast  where  caution  is  used  in  the  application  of  any 
poison  in  solution.  There  was  some  riuk  when  distribnted  in  the  powder.  If  applied 
in  excess  npon  the  plant,  the  leaves  were  blistered  and  the  forms  Hnd  bolts  damaged. 
Thogreatest  danger  was  in  the  application  in  wet  weather,  when  the  proportions  were 
greatly  increased.  To  the  15th,  all  expressed  their  pfeference  for  the  poisons,  thousli 
I  found  one  old  planter  wlftj  had  used  salt  [one  peek  to  forty  ealions  of  water),  who 
appeared  to  be  sincere  iu  tbe  belief  that  the  worms  bad  been  killed.  I  saw  bis  field 
about  the  middle  of  September ;  it  bad  not  been  materially  damaged,  except  by  loaaes 
from  the  wet  weather.  To  the  16th,  all  the  answers  were  sheer  gnesaea,  thongh  tb« 
lowest  estimates  weie  on  the  use  of  arsenic  and  London  purple  in  solution.  None 
cared  to  count  tbe  cost  of  the  labor  in  tbe  application. 

After  the  close  of  my  observRtioDS  npon  the  allaviums  of  the  Brazos  and  Colorado 
Rivera,  1  extended  my  researches  to  the  higher  and  more  undulating  sections  of  tho 
West,  where  the  worms  had  worked  loss  ityury.  But  I  was  startled  at  the  show  of  a 
large  area  of  dead  cotton.  Those  who  owned  or  cultivated  these  lands  had  not  the 
most  remote  conception  of  the  causes  of  this  moribund  condition  of  their  crops,  or 
what  would  cnnduce  to  thedefecation  of  the  soil.  Tbe  lauds  are  of  tho  Richest  hae, 
somewhat  limy  and  adhesive,  but  exhibiting  a  wide  spread  of  an  eflloreecent  fnngns, 
snufl'y  in  appearance  and  equally  destrnctive  to  every  form  of  plant  life.  1  txaus. 
mitted  some  of  this' poison,  spewed  np  from  the  earth  in  a  powdered  state,  to  yonr 
address  from  Werner,  where  I  found  it  in  large  quantities. 

I  have  made  a  faithful  eSbrt  to  experiment  with  the  pyrethmm  powders  and  be«T 
mash,  where  there  were  worms  working  upon  the  cotton;  but  from  the  constant  rains, 
even  up  to  the  present  hoar,  found  it  impossible  of  success.  None  of  tbearMnical  cum. 
pounds  can  be  applied  in  a  cheaper  and  more  elfective  form  and  with  leM  waste  of  ma- 
terial than  by  the  agencies  presently  in  use,  though  there  may  be  improvemeuts'forthe 
more  rapid  distribution  upon  the  plants.  All  tho  poisons  here  referMd  to  have  their 
advocates,  while  the  proportions  of  each,  necessary  to  cover  an  acre  of  cotton,  will 
have  to  be  determined  by  the  conditions  of  the  weather  and  the  sue  of  the  plants  in 
each  and  every  locality.     To  cotton  of  an  ordinary  growth,  in  a  dry  atmosphere,  one 

Eound  of  nnadulterated  arsenic,  three-fourths  of  a  pound  of  genuine  Paris  green,  one- 
alf  a  pound  of  London  purple,  and  one-fourth  of  a  pound  of  arsenitu  of  soda,  to  40 
gallons  of  water,  well  sprayed  on,  while  tbe  worms  are  young,  will  be  quite  sufficient 
for  one  acre  of  cotton,  if  the  weather  is  showery,  or  tbe  worms  well  grown, one-foortk 
to  one-half  more  of  the  poisons  may  be  added,  depending  npon  tbe  strength  of  tbe 
material.  All  these  are  well  known  and  approved  remedies  and  the  methods  of  ad- 
mixture and  application  are  well  understood. 

It  is  impossibla  that  the  ordinary  observer,  without  suitable  aid  and  mneh  waste  of 
time,  can  count  with  certainty  aa  to  the  effects  of  any  poison  upon  the  eggs  per  m,  be- 
cause many  of  them  are  barren  from  other  causes,  and  if  afi'ected  by  poisons  this  could 
not  be  determined  in  the  field ;  but  the  moment  life  is  iu  the  larva  instinctively  the; 
begin  to  feed,  and  they  no  sooner  eat  of  the  poisoned  leaf  than  tbey  perish.   The  fnll- 

Slwn  worms  do  not  appear  to  be  such  constant  feeders;  theyrepoeefor  boors  in  the 
y  in  playfnl  dalliance  with  the  comfort  of  their  surroundings,  are  extremely  slug- 
gish till  distnrbed,  and  can  not  be  so  readily  destroyed. 

I  found  no  insects  aflecting  the  root  of  the  cotton  plant  not  the  square  or  involucre 
within  the  sphere  of  my  observation.  The  shedding  of  the  squares  or  forms,  to  any 
unasual  extent,  is  well  understood  to  be  due  to  extremes  of  weather,  wet  or  dry. 
Nor  has  any  insect  injuring  the  blooms  been  discovered  or  complained  of  among 
planters,  except  iu  those  localities  where  tbe  Boll  Worm  has  made  ita  appearance. 
This  insect  has  not  yot  reached  the  plantations  of  this  section. 
The  views  promulgated  in  my  former  report  have  been  to  some  extent  modified  l^ 
n  observations  as  well  as  information  derived  from  an  the  utio  sources,  and  I  have 


stated  them  with  all  candor;  and  if  a  Guggestion  of  my  own  opinions,  upon  the  n 
edies  proposed  to  be  mainly  relied  on,  wili  be  of  any  value  in  the  future  treatment  ui 
this  question,  I  will  here  make  the  declaration,  os  J  am  well  convinced  of  the  somc^ 
that  if  all  those  engaged  in  planting  would  consent  to  set  lights,  with  pans  or  trays 
filledor  besmeared  withsoniepoisouousor  adhesive  fluid,  iu  the  early  spring,  Ibeootton  , 
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~^u  ^w.'e  pot«tit  teeans  of  deatmotioa  than  thoee  hitherto  relied  on,  to  be  v^..,,  ^w^- 
etnlly  If  not  nniversallf  naort«d  U>,  theae  enemJea  of  the  cottoo  plant  will  becoDie 
as  nameroQS  aa  thevaat  fligbtsof  locnats  that  deBceuilonlf  at  long  intervals  to  devoac 
every  fonn  of  tender  plant  life.  But  if  saitable  lampe,  of  Bimplo  and  easy  oonetruc- 
tion,  Bnpplied  with  a  cheap  bnmi&g  Snid  of  conveaient  aocees,  were  supplied,  I  be- 
lieve the^  wonid  be  very  generally  used,  if  theyconld  receive  the  indonemeatof  the 
eminent  scientist.  It  is  needless  iot  me  to  designate  the  man,  as  there  is  bub  one 
name  so  prominent  in  all  the  beneflceuoe  of  all  bis  skilled  labors  that  none  can  mis- 
take his  identity.  If,  then,  the  Oovemtnent  of  the  United  States  conid  be  prompted 
to  assist  la  the  movement,  as  they  wonld  or  conld  in  famine  or  pestilence,  we  should 
soon  hnow  Alstia  only  through  its  eimple  but  exact  history,  recorded  in  your  Bulletin 
No.  3. 

The  method  here  so  urgently  Ncommended  is  simple,  inexpensive,  and  in  no  wise 
pr^ndlcial  to  health  nor  endanKering  life.  It  is  so  longer  a  matter  of  theory,  bnt  a 
practioal  test  so  largelv  indoreed  by  public  eeatiment  that  none  will  be  found  to  gain- 
say its  ftll  and  fiutofii!  promise. 


will  be  sure  to  meet  destrnctio: 

My  views,  thas  presented,  ore  largely  inSnenced  bv  the  certain  hypothesis  that 
the  moths  remain  in  the  extreme  Southern  cotton  belt  daring  the  winter,  and 
that  the  chrysalids  do  not  seek  an  uuderground  hilMmatiou,  and  hence  the  main 
impediment  to  this  mode  of  warfare  is  removed.     But  shonld  a  few  of  the  breeders 


escape  the  trape  set  to  catch  them  there  wilt  be  less  difficnlty  in  reaching  them  with 
"''  ~  ~  oisone.     If  the  aid  snggeeted  conld  only  be  made  a  free  offering  to  the  poor,  the 
independent  class  of  planters  would  supply  themeelveg  and  would  willingly  aid  in 


the  work  of  deetmction.  Cott«n-plantlng  can  never  be  mode  a  thorough  snccees  till 
this  natural  enemy  of  the  plant  is  entirely  subdued  or  rendered  less  aggroBBive  by 
thinning  ont  its  nombera  in  some  more  efiJeotive  and  lees  expensive  manner  than  ia 
effeoted  by  the  poisonons  compounds. 

Bespectfully  sobmitted, 

WHJUAU  J.  JONES. 

Prof.  C.  V.  RmtT. 
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APPEIVDIX  Til. 


BEPOBTS  OF  CONSULS  AKD  CONSULAR  AGENTS  ON  THE 
COTTON  CEOP  AND  ITS  ENEMIES  IN  MEXICO,  CBNTEAL 
AND  SOUTH  AMERICA,  AND  THE  WEST  INDIES. 

[Id  pnnalng  the  study  of  tbe  iuwoto  affe«tiQg  the  cotton  plant,  as  ordered  by  Coa- 
«aM,  and  eapeoUUy  of  tbe  CottoD  Worm  (Aleliat^Una),  we  fonad  that  it  was  abso- 
uitely  necMOftry,  for  the  eolntion  of  some  of  the  more  importaut  qnestions,  t«  cet  a 
lietter  knowledge  than  ne  bod  been  able  to  acquire  of  cotton  cnUnre  and  the  working 
«f  thlBinMotiu  Central  and  Bonth  America,  as  also  in  the  West  Indies  and  other 
foreign  oonntriea.  It  oocorred  to  ne  that  tbe  United  States  consuls  at  varions  pointa 
might  KEVe  tbe  Commission  -ralnable  aid  in  this  part  of  its  work  tf  applied  to  for  in- 
formation. We  therefore  prepared  tbe  accompanying  letter  of  inquiry,  which  waa 
officially  tranei»itted  through  tlie  Seoretary  of  the  Int«rtor,  in  October,  1879,  to  our 
oonsals  at  tbe  following  poinU,  with  the  xeqneet  thnt  they  reply  throuKb  the  Depart- 
ment to  the  best  of  their  ability  and  at  as  early  a  date  as  poeaible:  Tera  Cmz, 
Tehnantopeo,  Tampico,  Tazpan,  Mazatlan,  Maazanillo  (Mexico) ;  Merlda,  Campeachy, 
Belize  (Hondnras);  Carthagena,  Maracaibo,  Bogota  (United  States  of  Colombia); 
Biwcelona  (Venezuela)!  Trinidad,  Barbadoes,  Martiniqne  (West  Indies} ;  Paril,  Per- 
aambnco  and  B«hia  (Braiil). 

CIBCULAR  LBTTER. 

IT  making  i 
....       IheCotto: 
the  United  States,  and  desires  to  get  fitots  and  statistiosreguding  Cotton  oultnre  and 

the  insect  enemies  of  the  plant  in . 

Yon  are  reapeotfully  requested  to  send  to  Fro£  C.  Y.  Blley,  through  the  Depart- 
ment, snoh  &fito  as  yon  can  obtain  on  the  following  points : 
1.— To  what  extent  is  cotton  grown  aud  what  are  the  pecaliaritlea  of  cnltnce  1 
S.— What  are  its  worst  ii       '  * 


—Has  this  worm  always  been  in  the  country,  or  is  It  believed  to  be  an  Importa- 

5. — How  long haa  cotton  been  grown  in and  does  it  grow  wildt 

6. — What  is  Uie  prevailingdiieotionof  the  wind  during  the  months  of  March,  April, 
June,  and  Jnly  t 

7. — Transmit,  if  possible,  in  alcohol,  snecimensof  the  worm  most  destTDCtive  to  the 
plant. 

The  following  replies  indicate  the  ext«nt  of  the  information  obtained  by  the  alwve 


DXPARTMBNT  OF   STATE, 

Wathingloit,  Deoembtr  18,  1879. 
8lB :  I  have  the  honor  to  transmit  herewith,  for  your  information,  a  copy  of  dis- 
patch Ko.  114,  of  date  Koremher  tbe  2Sd,  in  relation  to  tbe  culture  of  cotton,  from 
the  vice-oonaul  of  the  United  States  at  Merida,  Mexico. 
I  have  the  honor  to  be,  afr,  your  obedient  servant, 

WM.  M.  BVAET8. 
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No.  114.]  United  States  Coxbulatb  at  Mbrida, 

.V(jrOTi6*r22,  1879. 

Sir:  I  have  the  honor  to  ockoowleilge  receipt  of  j'Onr  diapatcli  of  October  13,  187^ 
baTJD^  received  the  inclosed  copy  of  the  letter  Irom  the  Chief  of  the  Entomological 
Coniujigsian,  addreased  to  the  Honorable  the  Secretary  of  the  Interior,  and  in  compli- 
ance with  the  contents  of  eaid  letter,  I  beg  leave  to  give  the  following  infonnatioa: 

The  culture  of  cotton  ia  veiy  little  here;  it  ixcnltivated  only  in  the  Bonthem  part 
of  thiB  oity,  and  in  very  small  qaantity.     It  grows  to  the  eitent  of  12  feet. 

No  other  insect  enemiea  of  the  cotton  plant  are  kno^n  bnt  ila  worms,  and  this 
worm  is  exactly  as  mentioned  in  the  letter,  that  is,  agreeuttorm  with  white  lines  and 
black  dots. 

This  worm  is  always  on  the  cotton  %s,t,  and  there  la  no  doubt  that  by  eating  the  leaf 
grently  helps  to  kill  the  plant.  He  does  not  touch  the  acom  of  the  cotton,  as  he  ra- 
mains  always  on  the  lea^  If  possible  by  next  opportnnity  I  will  send  apeciniena  in 
alcohol. 

Cotton  has  been  growing  here  for  more  than  sixteen  years,  and  grows  wild,  but  ia 
inferior  to  thp  plant  cultivated. 


The  prevailing  directions  of  winds  daring  the  months  of  March,  April,  Jane,  and 
Jnly,  are  generally  breeze  and  sontheaet. 

Any  more  information  that  I  may  have  about  the  Cottou  Worm  and  the  ioseet 
enemy  of  this  plant,  I  will  transmit  immediately.* 
I  am.  Sir,  yoat  obedient  servant. 


Bt&s  Ibave  to  aokuonledge  receipt  of  your  separate  dispatch  dated  October  13, 
1879,  and  tnoloeing  acony  ofaletteriVDm  the  Chief  of  the  Entomological  Commisaion, 
addressed  to  the  Honoranle  the  Secretary  of  the  Interior,  ander  date  of  Oetober  6,  IS79. 


In  puTbuance  of  yonr  inetractlons  I  auswer  as  follows,  and  in  their  reepeotive  order 
to  the  points  as  given  in  the  letter  aforesaid,  to  wit; 

1.  Cotton  has  never  been  grows  to  any  extent  in  this  district ;  however,  the  Berei*! 
attempts  made  at  itscultnro  have  proved  agricaltaral  successes.  The  plant  is  known 
to  keep  four,  sometimes  five  years^  producing  a  first  crop,  which  for  its  snperior  qaal- 
Ity  might  be  classed  middling  fair.  The  euccesalve  crops  declining  In  quality  and 
quantity.    Two  crops  can  be  gathered  in  eighteen  months. 

2.  Besides  the  caterpillar,  which  issaid  to  tie  largerthan  that  of  the  United  States, 
the  plant  here  has  another  very  destrnotlve  enemy  in  the  large  brown  emniet,  com* 
monly  named  here  arriera. 

3.  The  caterpillar  invades  the  cotton  fields  of  this  country  In  about  the  same  man- 
ner as  in  the  XTaited  States.  The  worm,  if  I  am  correctly  Informed,  is  of  a  dark  green 
color,  with  jet  black  eyes;  is  larger  than  ours  and  with  no  vhitt  tinet  nor  blaok  dot*. 
It  generally  appears  in  the  dry  season. 

4.  The  worm  is  not  believed  to  be  imported,  it  being  known  to  exist  in  this  coun- 
try ever  since  the  cotton  plant  was  discovered.. 

5.  The  plant  was  found  growing  wild  by  the  Spanish  conquerors. 

6.  The  witid  generally  prevails  in  the  easterly  direction  (sea  breeze)  all  the  year 
round  in  this  district.  In  the  winter  months  it  is  occasionally  visit-ed  by  strong 
northers. 

7.  I  have  already  written  for  a  specimen  of  the  wonn,  which  will  be  forwarded  as 
soon  as  practicable.* 

I  am,  sir,  your  obedient  servant, 

AUGUSTUa  J.  CASSABD, 

UnUtd  Slatv  Count. 
Hon.  Vf.  HtJNTBE, 

Seoond  AnitUmi  Seorelars  <^  Slate,  Watkingtoit,  D.  C. 

No.  41.  ]  United  States  Consulate,  MAitTiMiQtn.W.  I.^ 

Sir:  1  have  received  yoi 

■  ■  ■"        "     "' ■ "    '  ■' 6  tintomoiDgical  U 

a  the  Bupartment  that  I  have  made  in- 
*  No  specimens  received. — C.  V.  R. 
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quirlea  in  Tarioas  direotionB  with  the  follotviiig  rcsalt,  viz:  Cotton  is  not  cultivated 
to  an;  extent  in  Martinique.  There  is  not  »  cotton  plantation  upou  tbe  island  ;  there 
Are  only  a  few  trees  hero  and  there,  and  these  fjow  wild  npon  the  soutbero  part  of 
the  island.  Its  wont  insect  enemy  is  a  green-looking  worm  with  white  potnta  oa 
either  aide.  I  am  told  that  ihis  worm  haa  been  hero  since  the  first  cultivation  of  cot- 
ton npoD  tbe  island.  The  prevailing  direction  of  the  wind  during  the  months  of  Uarcb, 
April,  June,  and  Jnly,  is  eaat-noTtheast. 

1  am  sir,  very  respectfully,  yonr  obedient  servant, 

W.  H.  GARFIELD, 
(JniM  Statti  Conml. 
To  the  Honorable  Assistant  SBCitKTARr  ov  Statb, 
WathingUm,  D.  C. 

CoMStJLiTX  OF  TBE  United  States  or  America, 

Trinidad,  B.  W.  I.,  D«xmlerW,  1679. 

SiK :  I  have  the  honor  to  aokuowledee  the  receipt  of  yonr  circnlat  of  October  6tb, 

on  the  lltb  instant,  and  in  reply  ^ould  state  that  I  have  made  inc|uiries  of  the  Gov- 

meut  botanist,  and  am  informed  that  cotton  is  not  cultivated  on  this  island,  and  that 

the  worm  mentioned  ia  onknown  here. 

The  prevailing  wind  duiing  tbe  months  of  Harob,  April,  Jnne,  July  is  frinn  tbe 

I  am,  sir,  yonr  obedient  servant, 

FULTON  PAUL, 
United  Slate*  Conntl. 
Hon.  Carl  Schcrz, 

Seorelarg  of  Otv  Interior,  tFtuhfngtcn,  D.  C. 

No.  96.}  Unitbd  States  CoNauLATZ  at  Manzanili.o,  Mrxico, 

December  !«i,  1879. 
Sir:  In  compliance  with  inHtmctions  contained  in  your  communication  dated  No- 
vember 26,  including  letter  of  inquiry  from  the  United  Sta1«a  Entomological  Com- 


of  October  G,  I  now  have  the  honor  to  submit  t  ^      ,  .        - 

of  cotton  in  t  his  Btat«,  and  also  upon  the  insect  enemies  affecting  this  plant : 

1.  The  tracts  of  land  suitable  to  the  culture  of  cottonjn  the  vicinity  of  this  port, 
and  pertaining  to  the  dependencies  of  this  consnlate,  embrace  from  2.'>,000  to  30,000 
acres,  of  which  from  6,000  to  7,OU0  acres  are  actually  cultivated  with  cotton. 

The  time  for  planting  commences  about  the  Ist  of  October,  just  after  the  severe 
storms  of  the  rainy  season  have  passed. 

Tbe  plant  begins  to  blossom  about  the  middle  of  December,  and  high  lands  are 
leadv  to  be  harvested  about  the  15th  of  April.  The  picking  season  lasts  &om  one  and 
a  half  to  two  months. 

The  culture  is  conduotediothemoet  primitive  way.  Plows  are  not  used.  The  land 
is  never  manured,  thert^  being  no  need  of  it. 

A  piece  of  land  is  cleared  off;  the  timber  and  brush  burned,  and  com  planted. 
About  the  Ist  of  October  the  rows  between  the  com  are  cleared  and  the  planting  of 
cotton  commences. 

The  seed  is  soaked  for  two  or  three  hours  in  water,  and  planted  with  the  aid  of  an 
Instrument  similar  to  onr  hoe,  termed  her^  '■  tarecna."  As  sopn  as  grass  comes  up 
between  the  rows  it  is  chopped  down  with  this  same  instrument,  a  work  which  hoiB 
to  be  performed  three  or  four  times  on  old  lands  and  but  once  on  new  lauds. 

The  greater  portion  of  land  nudet  onltivatioQ  is  new,  perfect  virgin  soil,  the  nro- 
portiuu  being  one-fourtb  old  and  three-fourths  new  lands.  After  a  field  yields  throe 
fair  crops  it  is  generally  abandoned  and  new  lands  cleared  ofi'. 

In  favorable  seasons  (warm,  sunny  weather)  from  ltj,000  to  20,000  tjuintals  clean 
lint  are  raised.  In  bad  seasons  tbe  total  crop  here  averages  from  4,000  to  6,000  quin- 
tals. The  average  yield  of  an  acre  Is  1,000  pounds  cotton  in  seed  ;yet/avgrable  spots 
have  yielded  as  much  as  2,500  pounds  in  seed  to  the  acre. 

2.  A  small  white  worm  destroying  the  young  ftmt  or  cotton  boll  is  considered  here 
the  most  injurious  insect.  It  enters  the  boll  wteu  quite  small,  the  mark  left  where  it 
made  its  entrance  being  hardly  perceptible,  not  larger  than  the  point  of  a  pin.  Tbe 
worm  grows  with  the  boll,  eats  tbe  inside  pulp,  and  causes  the  boll  to  drop  off.  Fre- 
quently tbe  worm  cannot  devour  the  whole  contents  of  the  boll,  and  in  this  case  only 
one  or  two  sections  are  destroyed,  and  the  boll  matures. 

It  seetns  that  the  development  of  this  boll  worm  is  greatly  infiuenced  by  tbe  weather. 
I  have  observed  that  during  cloudy  and  moist  weather  in  January  and  February  the 
boll  worm  abounds  on  old  lauds,  causing  great  damage,  whilst  abundant  annehine 
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and  clear,  deny  uiebtB  clurini;  tliuae  months  seem  to  protect  the  plan ta lions  again ji 
the  lavAges  or  this  iusi'Ct.  The  Jleixicnn  Tarmera,  aware  of  tbis  fact,  have  etTen  tbs 
boll  norm  the  name  of  "CliahiitBtle,"  \rhich  is  an  Indian  word  for  clondy,  aiiaj 
weather. 

The  damage  canseit  hv  thia  worm  on  new  landa  ia  small;  also  od  old  laods  vhrre 
the  plaut  haa  heen  aet  wide  apnrt,  say  from  6  to  ti  feet. 

1  tlierefore  draw  from  these  obBervatJons  the  following  conelnsionB,  tiz:  The  larra 
(lepoelted  by  the  moth  on  the  gronnd  remaioH  there  from  eight  to  nine  moctba, 
the  yoang  worm  appearing  just  at  the  time  when  the  cotton  plant  throws  ont  thu 

Plowing  and  thorongh  tilling  should  be  a  prerentive  against  this  wonn.  Suduj 
weather  deatroys  it.  Setting  the  plants  wide  apart,  at  least  (i  feet,  would  allow  the 
aun  to  heat  the  groand,  and  most  be,  in  m;  opinion,  beneficial. 

;{.  The  larger  worm,  or  caterpillar  ( Jnomii  rsHna)  baa  nia<le  its  appearance  on  (Lis 
coast  three  times  during  the  last  twenty  j-ears;  iDl!^66,  in  l»7:l,  and  again  in  1^6.  Ii 
is  a  darfc'green  looping  worm,  with  white  and  bluck  lines,  and  destroys  the  miim 
plant  by  devonring  the  leaves.  It  is  as  yet  impoaalblo  for  me  to  find  ont  the  ori[;.n 
or  evi'n  bahifa  of  this  worm.  I  have  investigated  the  suppaeed  chus<-s  of  its  apjirai- 
ance,  but  without  success ;  the  famierH  here  have  not  the  slightest  idea  abont  it.  .Kn 
apparent  coincidence  between  the  appearance  of  this  plague  ami  overfloodingof  livrra 
in  the  cotton  regions  should  be  mentioned  here. 

September,  1S65.    High  Boode;  coniplete  inundation  of  cotton  lands. 

Fehriiary,  18tiG.  Appearance  of  the  caterpillar  in  amall  namberH,  not  cansiog  mccli 
damage. 

September,  1( 
in  the  vaLeys  ii ... 

February,  1873.    Appearance  of  the  plague  and  total  deatmction  of  cotton  plant*- 

September,  16T!4.     High  floods;  complete  inundation  of  cotton-growing  vallejti. 
February,  18T!f.    Partial  plague;  small  damage  done  by  the  caterpill"' 


4.  Iq  answer  to  question  4  1  would  refer  to  above  stntementa.  I  draw  from  tbrm 
the  opinion  that  the  worm  haa  not  been  imported  into  Mexico,  but  originates  in  the 
cotton  valleys  iu  such  seasons  when  the  peculiar  condition  of  the  soil  and  climiw 
combine  to  iavoi  the  development  of  laives  brought  down  by  floods  from  the  mono- 
taiu  lands. 

The  cotton  lands  in  this  vicinity  are  bounded  on  Ihe  west  bv  the  Pacific  Ocean,  on 
the  east  by  high  mountains,  la  ■'  Sierra  Modre ; "  on  the  north  and  aonth  by  drnse 
woods  aod  tracts  of  uncultivated  lands.  These  circumatouces  present  a  great  m;iiLy 
obstacles  to  the  flight  of  the  cotton  moth.  The  nearest  cotton  plantations,  as  well  lo 
the  northward  as  to  the  southward,  are  at  a  distance  ftom  Manzanillo  of  at  least  M' 

Cotton  has  been  grown  in  the  State  of  Colima  for  the  last  fifty  yeara.  It  does  not 
grow  wild,  but,if  abandoned,  some  plants  grew  np  to  good-sized  trees,  b«ariiig  frniv 
regularly  every  year. 

6.  The  directions  of  prevailing  winds  on  this  coast  are  the  following,  vii:  Jannarr, 
south  and  west;  February,  west  and  northwest;  March,  west  and  northwest ;  Apnl, 
northwest;  May,  northwest;  June,  south  and  northwest;  July,  south  and  west:  Aa- 
gust,  south  and'  west ;  September,  south  and  west ;  October,  south  and  weet ;  Xovvm- 
ber,  south  and  west :  December,  south  and  west. 

The  northwestandweat  winds  blow  generally  during  the  day ;  at  night  these  winds 
change  to  the  north  and  uurtheast. 

I  give  the  prevailing  winds  for  the  whole  year,  as  our  planting  and  picking seasoDS 
here  are  different  from  those  in  the  United  States. 

7.  it  ia  not  possible  for  me  at  present  to  remit  specimens  of  inseota  that  attack  tbs 
cotton  plant,  but  reserve  myself  the  privilege  to  do  so  in  February  next — the  tims 
when  these  different  insects  make  their  appearanoe  here." 

I  am,  sir,  your  obedient  servant, 

AUGUSTUS  MOERILL, 

Unlltd  Siaiet  ComkI. 

Hon,  WlLUAM   HUNTEB, 

Second  Atiiitant  Secrelary  of  Stale,  Wa$hinglon,  D.  C. 


Ho.  77.]  CONSDLATK  OF  THK  UmTBD  Statkh. 

Uasattan,  Dectaber  3,  ldT9. 
Sir:  1  beg  to  respectfully  acknowledge  receipt  of  commnnication  dated  October  13, 
IH7!),  iiicluHiiig  a  copy  of  a  Iclter  from  the  Chief  of  the  Eutomological  Commission 
addrcssedto  tbo  Houorable  the  Secretary  of  tiie  Interior,  under  date  of  October  6, 1879, 


"  No  specimens  received. — C.  V.  B. 
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in  whiob  infonaation  (oncbiog  the  prodactioa  of  cotton,  and  tbe  attack  of  the  Cot- 
ton Worm  and  other  insucta  upon  the  plant,  in  Central  and  Sooth  America,  i8roqn»f«d 
for  the  QBe  of  the  Commisaion ;  and  deairmg  a  report  on  the  mbject  to  he  sent  to  the 
State  Department  for  transmieaion  to  the  Conumasion. 

I  beg  to  incloee  herewith  snch  infonuation  as  I  have  been  able  to  ■eenre,  and  ane- 
gesting  that  the  consul  at  Acapnloo  may  be  able  to  give  more  partionlar  and  valnabTe 
isf ormation ,  fivm  the  fact  that  a  large  amonnt  of  the  cotton  need  i^  the  cotton  mills 
of  thJB  State  comes  from  his  conenlar  district. 

1.  Cotton  is  not  grown  to  any  considerable  extent  in  this  consnlar  district  on 
acconnt  of  the  nncertninty  of  the  crop,  as  mnoh  throngh  rains  as  throncb  the  attacks 
of  insects.  The  prodnction  is  not  snMcient  for  the  three  oottoa-mills  in  operation  in 
this  State. 

Cotton  is  planted  in  Augnst  and  September,  about  4  feet  apart,  recelTBS  but  little 
attention;  is  gathered  during  the  months  from  December  to  Ha;,  giving  abont  40 
arrobsB  ('25  pounds)  to  the  acre,  and  selling  at  |l.ti5  to  91.50  the  orroba  of  seed-cottOD. 
Labor  costs  from  !>0  to  75  cents  per  diem. 

Q.  The  Cotton  WoTm,  or  as  known  here  b;  the  name  of  the  Army  Worm,  the  Bad 
Worm,  and  the  Boll  Worm,  are  the  worst  insect  enemies. 

3.  The  regular  Cotton  or  Aimy  Woim  attacks  the  cotton  plant  every  year,  but 
abont  once  m  four  years  is  very  destmctive.  It  appears  to  be  deposited  by  a  Uy  on 
the  nnder  side  of  the  leaf,  which  rolls  up  and  in  a  few  days  the  wotm  of  abont  2  inches 
appeaie.    Durinf;  the  winter  months  it  dlaappeais. 

i  and  5.  Cotton  was  fint  introduced  into  this  State  in  1863  by  an  American,  Mr. 
Francis  Nolan  ;  was  produced  from  seed  brought  from  the  State  of  Guerrero.  It  does 
not  ei'ew  wild  in  this  State.  The  first  years  but  little  trouble  was  experienced  from 
the  Cotton  Worm,  but  eaoh  year  they  have  given  more  trouble,  especially  if  cotton 
is  planted  again  ou  the  same  ground. 

6.  The  prevailiug  direction  of  the  wind  during  the  months  from  March  to  July  is 
from  the  east  in  the  momiug,  and  from  the  southwest  in  the  afternoon. 

7.  I  have  requested  specimens  of  the  above-mentioned  inseote,  and  will  forward  to 
the  Department  of  State  as  soon  as  received.* 

I  have  the  honor  to  be,  sir,  your  obedient  servant, 

E.  G.  KELTON, 

Unittd  State*  Contal 

Hon.  WlLLUH  HUNTZR, 

Seeoad  Auitlant  Seerelars  of  State,  Waihngton,  D.  C. 


No.  193.]  VmiKD  Statbh  Combolatz, 

Bahia,  Janaars  12, 1880. 
SiK  :  I  have  the  honor  to  acknowledge  the  receipt  at  this  consulate,  on  the  29th  of 
December  ultimo,  of  dispatch  from  the  Depattment  of  State  dated  October  13,  1HT9, 
inclosing  a  copy  of  a  letter  from  the  Chief  of  the  Entomological  Commission  to  the 
Hon.  Secretary  of  the  Interior,  requesting  information  in  regard  to  the  prodnc- 
tion of  cotton  in  this  consnlar  disCriot,  and  the  attack  of  the  Cotton  Worm  and  other 
insects  upon  the  plant ;  and  in  reply  have  most  respectfully  to  report  npou  the  par- 
ticular points  stated  npon  which  information  is  requested,  as  follows : 


1.  Cotton  is  not  grown  at  present  to  any  considerable  extent  in  this  province,  and 
has  ceased  to  be  an  article  of  exportation.  The  cultivation  Is  simple  in  the  eitrcme, 
reqniring  little  care  or  attention,  but  o  wins  to  the  distance  from  this  port  of  the  cot- 


ton-producing districts  the  cultivation  hasTouK  since 'ceased  to  be  remunerative. 

2.  The  insect  enemies  of  the  cotton  plant  which  partlciriarly  attack  it  consist  oi 
two  species  of  moths,  which,  in  the  form  of  worms  or  caterpillars,  prey  npon  its  leaves 
and  stalk,  as  also  the  cotton  pod  itself.  It  is  also  attacked  by  a  peculiar  species  of 
bug,  specimen  of  which  is  forwarded,  and  by  the  grasshoppers,  which  commit  great 
ravages  upon  the  foliage  and  the  tender  stalk. 

3.  The  Cotton  Worm,  as  described  by  Professor  Riley,  is  somewhat  different  fbini 
the  worm  in-tbis  province,  difi'ering  in  color  and  other  respects,  but  It  no  donbt  is  in 
reality  of  similar  character. 

The  Cotton  Worms  of  this  Province  are  produced  by  moths  laying  their  cees  in  the 
leaves  and  young  buds  of  the  cotton  plant,  which  become  worms  and  caterpillars  and 
feed  upon  the  cotton  until  transformed  again  into  moths.  The  ravage  comniittod  by 
them  is  greater  iu  the  dry  or  summer  months,  say  September,  October,  November, 
aud  December. 

4.  The  so-called  Cotton  Worm  is  believed  to  have  been  always  in  the  conntry  and 
not  imported. 

•  The  specimeDB  were  Aletia.— 0.  V.  R. 
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6,  Cotton  haebeen  grown  Id  this  part  of  Br&dl  for  aa  long  ft  time  UK17  other  pn>- 

daction,  aud  it  ia  also  found  growing. wild. 

6.  "liie  prevailing  direction  of  the  wind  during  the  niontlu  of  Hkiob,  April,  June, 
and  Jnly  ia  easterly,  varying  from  noctheaat  to  Boathaaat. 

7.  I  tninBDiit  berenitb  separately  in  a  box  the  following  epeoimons:" 
(13  Cotton  leave*  with  chiysalia  of  Xslina  {Noelva). 

(2)  IiarvK,  or  caterpillar  of  the  same  insect,  which ohangee from  a^reen  to  alight- 
red  color,  formed  b;  (tifl'ereDt  colored  lines  nmniugcrowwaya,  when  it  attains  its  fnll 
Btale  of  matnrily.  The  larger  of  these  worms  feeds  apoa  the  leaves;  the  small  upon 
the  bnds  of  the  cotton  plant. 

(3)  The  butterfly  of  the  same  larvm.  ' 

(4)  Cotton  buds  dMtroyed  by  the  moths  contidniDg  the  larvw  and  ohrysaiia,  some 
of  which  have  already  been  transformed  into  moths. 

(5)  Several  larviB  of  the  same  and  one  cotton  hue. 

(6)  Cocoons  formed  from  cotton  by  the  larvtc  In  the  interior  of  the  bnds. 

(7)  Another  species  which  preys  upon  the  cotton  seed  iuside  the  pod. 

(8)  A  drawing  of  the  worm  before  its  color  changes. 

I  have  the  houor  to  be.  Sir,  with  high  respeot,  yonr  obedient  servant, 

BICH1>  A.  EUE8, 


No,  40.1  Uottxd  ST1.TBS  Commercial  Aobnot, 

Maraoaibo,  FOimars  18,  1880. 

Sir  :  In  answer  to  yonr  dispatoh  of  October  13, 1879,  requesting  particalars  abont 
the  onltivation  of  cotton  in  this  country  and  the  prevalence  here  of  worms  and  other 
ina^cts  which  attack  the  cotton  plant,  for  the  information  of  the  Entomologioal  Com- 
mission, I  beg  to  state  that  having  given  the  matter  my  careful  attention,  I  am  now 
enabled  to  answer  the  questions  put  in  the  document  referred  to,  in  their  tnm. 

1.  Cotton  has  been  grown  in  the  Htate  of  Znlia,  one  of  the  sovereiirn  8tat«  of  the 
Bepablio  of  Venezuela,  and  more  so  in  the  neighborhood  of  Maracaibo,  soma  t«n  or 
fljtieen  years  ago.  It  was  raised  to  a  large  extent  iu  small  as  well  as  in  largs  qoMiti- 
ties  and  everybody  took  to  i  I.  Some  foreign  houses  advanced  large  sums  to  native 
growers  in  order  to  establish  cotton  for  export.  The  quality  produced  was  very  good 
and  sold  well  in  America  (the  United  States)  and  in  Europe,  but  the  revolutions  woleb 
broke  ont  caused  whole  crops  to  be  lost,  as  they  could  not  get  hands  enough  to  gather 
the  cotton  in  time,  and  the  parties  who  had  invested  large  snms  in  its  enltivation  got 
discouraged  in  consequence  of  the  losses  incurred  and  gave  it  up  entirely,  and  no 
one  has  ever  made  another  attempt  t«  raise  It  again.  The  general  opinion  was,  and 
ia  still  now,  that  it  does  not  pay  to  raise  cotton  on  a  large  scale,  on  account  of  the 
scarcity  of  labor  available  to  gather  ii^  the  crop  in  the  proper  time.  This,  however, 
ia  not  the  result  of  a  paucity  of  population,  but  ratber  the  oonseqnence  of  a  atate  of 
things  which  enables  the  laborers  to  live  on  eo  little,  that  the  necessity  to  work  oon- 
tinuoualy,  such  as  it  Is  reqtiired  for  the  profltable  carrying  on  of  a  cott-on  property, 
ceases  entirely  under  ordinary  circumstances.  They  would  only  do  so  when  driven 
by  extreme  necessity  or  induced  by  such  disproportionately  high  wages  as  would  raise 
the  cost  of  growing  the  cotton  beyond  the  possibility  of  making  any  profit.  The 
wages  referred  to  in  those  times  were,  in  addition  to  the  daily  rations,  which  cannot 
be  furnished  for  less  than  thirty  cents  per  day  for  one  man,  |6.40  per  month,  making 
a  total  disbursement  of  (15.40  per  month  for  the  labor  of  one  man,  or  about  ISO  of  the 
money  of  the  country. 

As  the  people  of  this  country  are  naturally  very  slow  to  work,  and  cannot  be  in- 
dnced  to  take  task  work,  the  maximum  quantity  of  cotton  picked  by  one  man  has 
been  calculated  never  to  exceed  IDO  pounds  per  day,  which,  at  the  prioes  for  labor 
before  mentioned,  is  oat  of  all  proportion  to  the  price  obtained  for  the  cotton,  and 
causes  such  an  nndortaking  to  prove  a  losing  concern.  The  soil  of  this  district  ia  aa 
favorable  to  the  growth  of  cotton  as  the  climate,  which  is  rather  dry,  uid  there  u« 
two  crops  In  the  year,  one  iu  July  and  the  otlier  in  December,  the  plants  prodnolng 
at  both  times  in  abundance.  The  land  itself  is  of  little  value  and  the  expenses  are 
only  those  of  cultivation.  There  were  several  large  h&ciendse  raising  cotton  Id  the 
neighborhood,  but  they  are  now  lying  waste  and  the  machinery  ia  rusting  and  spoil- 
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That  the  worst  enoiny  of  the  cotton-plant  ia  the  caterpillar.  There  are  two  dis- 
tinct kinds.  One  is  green  and  rather  small  and  the  other  kind  has  »  green  holly  and 
a  yellowish  back  with  brown  atripes.  There  ia  also  a  kind  of  ant,  which  injures  the 
cotton-plant  by  making  it«  nest  under  the  roots,  cansing  the  stem  to  dry  up  entirely. 
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3.  The  caterpUlais  ^enei*)!;  «pp«BT  in  spriDR  time,  that  ia  to  «aj,  in  Febniar;  and 
Marob,  Hid  At  timea  in  Bocb  qvMitites  that  t£ey  Buoce«d  in  deatioviiig  whole  plan- 
tationa  of  cotton.  If,  however,  the  rainy  Beaaons  contiuae  a  short  ome  beyond  their 
TiBiial  ^iod,  they  ace  aUoott  all  destroyed  b;  the  rains. 

4.  TheseoaterpiUarabaTebeenknowaeverBincethefijittinietbBtcatton  waiTaiged 
here,  and  so  far  as  I  can  Kather&om  inrormatiou  recetved.are  Indigenous  to  thecooslry 
and  in  no  way  imported  trom  elBewhera,  ' 

6.  Cottou  has  been  cultivated  here  for  the  Brst  time  Borne  fifteen  years  Eigo.  Up  to 
that  time  it  was  huown  to  jfrow  wild  all  over  the  aoantiy,  producing  a  very  good 
quality  of  ootton  and  uow  aince  the  cultiratinn  has  'been  totally  abaudojied,  it  con- 
Unues  to  grow  v  ild  without  the  least  oaie,  without  any  deterioration  in  quality,  as 
may  be  seen  from  the  sample  sent.  What  little  cotton  ia  gathered  now  from  the 
plants  growing  wild  fetches  a  price  of  (3.20  per  100  pounds  aneleaned,  and  aa  it  takes 
about  %0  ponnds  of  erode  ootton  to  prodooe  100  pounds  of  clean  cotton,  the  price  in 
addition  lo  tbe  cost  of  cleaning  would  amount  to  such  a  height  aa  to  put  the  possi- 
bility of  exporting  it  entirely  out  of  the  qaestiou. 

6.  The  elevation  of  the  lands  ou  which  ootton  has  been  grown  here  above  the  level 
of  the  aea  ia  from  60  to  100  feet,  and  the  winds  that  prevail  in  that  pail;  of  the  counti? 
are  north -northeast  and  souCh-aoatheast. 

7.  In  compliance  with  yoar  request  I  sead  a  bottle  with  apeoimeuH  of  the  caterpU- 
lars  in  question,  as  well  as  a  bag  with  Bamplea  of  crude  ootton,  gathered  in  the  vicin- 
ity of  this  town,  where  the  plants  grow  wild,  as  referred  to  in  tbe  above  report.'" 

The  samples  of  cotlou  and  the  caterpillars  will  be  forwarded  b;  tbe  Urst  sailing 
vessel,  the  Aloira,  for  New  York,  which  will  leave  in  about  ten  days,  to  save  expenses. 
r.,_i__  .!._.  .1.! . , r , o.   .  •-- YB  the  honor  to  remain, 

E.  H.  PLUMACHEE, 

Commsroial  .dpent. 

1.  WlLUAM  HUNTXR, 

Stoond  AttUtani  Searetart  of  State,  WtukingUm,  D.  C. 


No.  3*7,1  U.    8.   CONSXILATE, 

Fsra  CruB,  MttTck  3,  L860. 
Sir:  Ou  the  reoeipt  of  yours  of  October  13,  concerning  oolton  culture,  and  the 
enemies  of  the  ootton  plant,  statistical  data  ou  which  for  tbjs  district  was  asked  to 
be  given  to  the  Entomological  Commission,  I  immediately  tranelatad  the  seven  qnes- 
tioDS  into  Spanish,  with  a  circular  tetter,  and  sent  them  to  varioas  promiuent  persons 
who  wei«  reoommeuded  to  me  as  men  well  informed  on  the  subject,  under  inquiry, 
atkiag  them  to  give  me  the  data  required  at  as  early  a  date  as  possible.  Some 
answered  promptly,  saying,  however,  that  it  was  loo  soon  to  procure  specimenB  of 
the  woima,  but  giving  do  other  response.  Yesterday  I  received  a  bottle  with  many 
specimens  in  diluted  alcohol.  This  bottle  I  transmit  for  the  use  of  the  Commission, 
and  send  also  a  translation  of  a  lutter  from  Sen.  R.  de  Zayas  Enriqnes,  explanatory 
of  the  contents  of  the  bottle,  (^)  These  are  the  only  speoimens  I  have  been  able  to 
obtain,  althongh  1  have  perwwall^  made  some  exonrsione  into  cotton  districts  foe 
them,  and  other  points  of  inquiry  indicated  by  the  Commiesiou. 

QUESnOHS  AND  AK8VXBS. 

1.  "To  what  extent  is  cotton  grown,  and  what  are  the  peculiarities  of  culture!" 
Answer.  In  this  consular  district  about  8,000,000  pounds  are  produced.    The  peonl- 

laritles  of  culture  are  striking.  The  ground  is  prepared  by  removing  rubbish,  and 
then  the  seed  is  planted  by  inserting  a  sharp  stick  in  the  ground  at  convenient  in- 
tervals ;  into  the  boles  thus  made  the  seed  is  deposited  and  covered  by  the  foot.  No 
plows  are  used  in  this  preparation  for  the  seed,  nor  are  they  often  used  in  the  subse- 
quent stages  of  cultivaiiou.  They  pull  out  the  larger  weeds  or  use  the  hoe,  confining 
their  labor  to  but  little  more  than  soch.  It  is  clear  from  that  kind  of  culture  that 
the  cotton  plant  must  be  foreed  into  much  bud  company,  and  be  assaulted  with  de- 
etructive  enemies.  After  ex'tensive  inquiries  1  find  do  one  scientifically  informed  on 
the  full  habits  of  these  enemies. 

2.  "  What  are  the  worst  insect  enemies  t " 

Answer.  The  Cottou  Worm,  grasshopper,  and  ant.    The  ground  mole  in  some  local- 
ities ie  very  destructive. 

3.  " Does  the  Cotton  Worm  (described)  attack  it t  and,  if  sojgiveitshabtto,  espec- 
ially during  the  winter  months. 

Answer.  Yes.    See  inclosed  troDslation  of  a  letter  from  Jadge  E.  de  Zayas  Eonqnes, 
who  has  given  me  tbe  beet  informatioD  he  coBiigimtdJ:;  bnt  the  Honorable  Commia- 
«3  OOHO— AP 6 
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sion  will  at  once  see  Ita  imperfectioDB  and  inaccniAciM.  It  la  a  hotly-dispnted  point 
•8  to  what  beeomeHof  the  wonn  daTing  the  "aiz  or  eight  jreara"  whes  it  does  not  ap- 
pear, and  no  onein  my  oiroait  of  acqaaintanM  gives  me  anythin^t  better  than  a  anper- 
Btition  for  a  eolation  of  the  problem.  Oor  climate  never  giving  as  Troit,  ecaroelj 
ailteta  the  conatant  germinal  qaalitiea  of  plants  or  the  enemiea  Ihereof ;  and  it  has 
been  asserted  to  me  that  at  one  place  or  another  the  Cotton  Wonn  can  always  be 
funnil.  However,  Uie  difDcnlty  I  have  experienced  in  obtaining  the  specimens  sent, 
induces  me  to  doabt  the  correctness  of  that  assertion. 

4.  "Has  this  worm  always  been  in  the  connlTy,  or  is  it  believed  to  be  an  importa- 

Answer.  It  has  been  here  as  long  as  cotton  bos  been  cultivated  by  the  Ueiirans. 

5.  "How  lonK  has  cotton  l)een  grown  in  Mexico,  and  does  it  grow  wildf  " 
Annwer.  We  have  historical  accounts  that  cotton  was  grown  and  ntilized  since  the 

twelfth  century,  but  have  no  data  that  it  was  or  was  not  naturally  indteenona.  Bnt 
if  said  history  l)e  reliable  it  is  fair  to  presome  that  it  was  indigenoua,  becanee  there 
Is  no  knowledge  of  commercial  relatione  with  foreign  countries  at  that  period-  At 
present,  however,  there  is  no  evidence  of  its  being  indigenons  any  mora  than  the  banana 
plant  or  other  produce  known  to  be  of  foreign  oriEin. 

6.  "What  is  the  prevailing  directioD  of  the  winodnring  the  months  of  March,  April, 
June,  and  JnJyT" 

Answer.  Easterly  and  luiatheBBlerly. 

7.  "Transmit,  if  possible,  in  alcohol,  specimens  of  the  worm  most  deetmctive  to 
the  plant." 

Answer.  The  specimens  I  send  I  transmit  in  the  some  condition  as  received.  I  was 
promised  the  graeshopper  and  the  ant,  but  the  specimens  have  not  been  sent  to  me, 
and  I  hare  been  bo  far  behind  time  with  my  report  that  1  do  npt  deem  it  right  for  me 
to  wait  longer  for  them.  They  devour  the  cotton  plant  in  common  with  ev  er?  other 
green  sahstanoe  and  are  not  a  specidc  enemy  of  it.  So,  too,  of  the  ground  mole. 
Your  obedient  servant, 

S.  T.  TKOWBRIDGE, 

ComuL 

Hon.  WlLUAM  HUMTBB, 

Seamd  AttiiiaiU  Steretary  iff  State,  WatkineUni,  D.  C. 

[EoaloBiire— ttanslMtd.] 

Vbra  Cbuz,  Mareh  2,  ISM. 

Dear  Sir  :  I  send  yon  a  bottle  containing  variona  kinds  of  worms  that  destroy  the 
cotton  and  plant.  They  are  all  1  have  been  able  to  procure.  This  is  now  the  part  of 
the  year  in  which  the  worms  nsnally  appear,  and  have  been  gathered  near  San  An- 
dres Tuitla,  on  the  southern  coast  from  nere. 

I  think  some  of  the  samples  I  send  yon  do  not  attack  the  plant,  bnt  live  on  it  with- 
out harming  it.  The  large  thick  ones  of  the  tobacco  color  with  black  half  moons  are 
of  that  Hpecicn.  The  narrow  gieen  ones  having  two  blank  linee  on  the  body  ai«.  In 
my  opiuiou,  the  only  ones  that  attack  the  coltou  plant.  Yon  will  see  other  samples 
of^the  caterpillar  in  the  state  of  ohrysalis,  and  other  Lepldoptero.*^  On  the  coast  they 
are  called  palomfts  or  salomilla  (ohrysalis  or  anrelia).  Said  paloma  is  aah  color,  and 
is  nocturnal  in  ita  habits;  is,  in  reality,  a  bombyx,  which  produces  a  mnltitadeof 
microscopic  eg^s  ou  the  plant,  which  esgH  create,  in  short,  the  worm,  also  mlorosoopic, 
and  which  commences  immediately  to  devour  the  plant,  and  so  continues  until  it  gets 
to  the  state  of  enrollment  to  pass  the  last  metamorphosis. 

This  worm  is  in  my  opinion  the  Anomi*  xjiUiui,  or  Soalua  goni/pii;  but  I  may  be  mis- 

I  have  not  been  able  to  obtain  the  data  sufficiently  clear  to  say  whether  they  were 
importeil  into  this  country,  but  I  am  assured  that  they  do  not  make  their  appearance 
every  year  at  the  same  place ;  or,  better  said,  they  only  come  one  or  two  years  in  sno- 
cession  ;  then  disappear  for  six  or  eight  years.  They  are  not  to  be  found  in  all  the 
country  at  one  time.    Their  reproduction  is  usually  ascribed  to  our  southern  cooid. 

I  unilerstaud  their  invasion  can  be  victoriously  combatted  by  sprinkling  dry  onlo- 
ride  of  lime  over  (he  ground  and  plants,  or  an  aqueous  solution  of'  the  same,  and  1 
have  recommended  this  lemedj'  to  those  living  on  the  soost  for  a  trial. 

I  hope  these  data  may  be  of  utility,  and  I  improve  this  oeoaelon  to  place  myself 
anew  at  yonr  orden,  repeating  myBeff, 
Youis  from  my  heart, 

B.  OK  ZATAB  GNBIQUEZ. 

Consul  Trowrkidgk, 


^aovGoOt^lc 
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No.  4S.]  UMITKD  BTA.TE8  CONSDLATl, 

ParnamfriKw,  ifarck  90,  1880. 
Snt :  I  Iwve  tbe  honor  to  traiutult  ti«r«witb  my  report  to  tbe  EDtomologiaal  Com- 
miHlon  OD  the  oottoo  oaltnre  and  the  ioaeota  offieotisg  it  iojurioiul^. 

I  find  it  very  difBoult  to  get  an;  reliftble  iuformatton  on  that  subject.  One  coire- 
•pondent  from  whom  I  expected  a  ftill  accoont  has  fdled  iii«  entiiely. 

Saeh  aa  I  have  I  forward,  fearing  that  it  will  give  bst  Tery  little  aatlMfaotton  to  the 
Cammiggioi). 

I  am,  sir,  your  obedient  aetvant, 

ANDREW  CONE, 
Uitiiei  ataiet  dminl. 
Hon.  William  HuMTzfi, 

Seooitd  J«*t«r<Mt  aeerelarg  of  Statt,  Wtuhington,  D.  C. 

COKSCL&TK  OF  TUB  UNITKD  8TATB8, 

Ptmantbitco,  Marok  le,  1860. 

Dbak  Sib  :  Yout  letter  of  inqnirv  in  regard  to  cotton  cnltute  and  the  luMcta  aSiMt' 
ins  it  iojniionsl;,  is  before  me,  ana  I  do  myself  the  honor  to  reply. 

You  wty,  "1  find  that  it  ia  absolatelynecesoary  for  the  solution  of  some  of  the  more 
important:  questions  to  get  a  better  knowledge  than  we  have  so  far  been  able  to  ao- 
qmre  of  ootton  oaltare  and  the  workings  of  this  inseot  in  Central  and  South  Amer- 
ioa,"  &a.,  and  you  think  the  aoasnls  at  varions  points  therein  mentioned  might  give 
the  CommiBsion  valuable  aid  in  this  part  of  its  work. 

Permit  me  to  ash,  with  all  due  deference,  whether  men  in  these  benighted  oonntriee, 
centuries i>ehindtheUnited States iu skill,  knowledge, and deTeloument,  oaa enlighten 
the  scientist  at  home;  uevartbeless,  Ihave  done  what  1  could  ana  forward  the  result. 

I  have  tried  in  vain,  through  mv  Brazilian  correspondence,  so  stow  in  transmission, 
to  inform  myself  on  this  as  woll  as  other  matters  relatiins  to  Brasil ;  but  it  seems 
nearly  as  difficult  to  keep  one's  self  paet«d  in  the  progress  of  afhirs  here  as  it  is  to  ob- 
tain information  from  the  interior  of  Asia. 

I  wish  it  were  my  luck  to  discover  all  about  the  persecutors  of  the  cotton  plant, 
and  the  remedy  for  tbpse  pests.  I  should  be  only  too  happy  to  know  how  to  combat 
these  enemies  to  the  greater  urosperity  of  the  United  States :  to  ezterminat«  these 
devastators,  without  which  I  believe  the  annual  cotton  crop  of  our  coimCr;  might  be 
doubled. 

There  is  no  particular  skill  required  la  the  cnltivatiou  of  cotton  in  Brazil.  Tbe 
seeds  once  put  into  the  ground  will  soon  become  plants,  and  then  they  only  reqnire 
weeding  once  or  twice  a  year,  according  to  the  season ;  the  more  rain  rendering  the 
more  weeding  neceesary,  of  course. 

The  plant  in  general  use  in  these  provinces  is  the  perennial,  which  grows  into  a 
shrub  and  prod'icee  several  years.  The  largest  crop  is  taken  the  third  year,  when  it 
deteriorates,  and  is  not  worth  gathering  after  the  fitbh  year. 

The  herbaoeoQs  is  of  a  poorer  quality,  and  is  only  nsed  because  it  produces 
qnickly.     Neither  variety  is  indigenous  to  the  soil  of  Brazil. 

As  to  the  culture  of  cotton  in  Pemambaco  and  the  other  provinces  subject  to  this 
consulate,  viz.,  Ccara,  Bio  Oroude  do  Norte,  Parahibo,  and  Alagoa^  no  correct  esti- 
mate can  be  given  of  the  amount  of  land  or  acreage  under  cultivation.  No  planter 
or  owner  of  a  fazeuda  ever  knows  how  many  acres  of  land  he  possesses  or  how  mnoh 
land  couBtitutee  an  acre,  but  owns  what  is  embraced  in  certain  metes  or  bounds. 

The  cultivation  of  cotton  is  rapidly  decreasing  here,  the  price  being  too  low  and 
the  export  duties  too  exorbitant  for  a  prolitable  business. 

The  number  of  bales  entwred  at  the  port  of  Pemamboco  for  the  year  ending  Sep- 
tember 30,  1872,  was  335,180  bales  of  abont  180  pounds  each,  while  the  nnmberof 
hales  entered  for  the  year  ending  September  30,  1679,  was  only  30,  166,  planters  hav- 
ing tnmed  their  attention  more  to  tbe  cultivation  of  sugar-cane,  which  pays  them 
better. 

Host  of  the  dietriuts  of  the  different  provinces  are  adapted  to  the  cultiyatioa  of 
cotton  even  on  the  serras,  where  there  is  abundanoe  of  rain.  It  will  grew  on  almost 
any  soil,  but  to  the  greatest  perfection  in  yellow  or  red  clay,  the  latter  being  pre- 

Tbe  foes  tnost  fatal  to  tbe  cotton  plant  are  the  different  kinds  of  caterpillars,  which 
in  some  years  increase  to  a  frightlul  extent,  destroying  entirely  ttie  crop,  and  even 
the  pastn raze— the  absenoe  of  regular  rains,  and  "  the  blight."  The  blight  is  eaused 
by  cold  nights,  or  cold  rains  coming  unseasonably  in  contuit  with  the  warm  soil,  after 
which  the  sun  bums  and  scorches  up  the  pods  and  oven  the  small  germs  of  the  plant. 
With  the  blight  vanishes  all  tbe  hopes  of  the  planter. 

Tbe  Cotton  Worm  or  caterpillar,  .^itoinu  zyiiru,  particularly  described  in  your  let- 
ter, attacks  ttn  plant  in  these  provinces.  It  appears  simultaneonsly  with  tbe  other 
varieties  at  tbe  beginning  of  the  rainy  season  and  never  Rlone.  It  comes  and  dieap- 
pears  with  the  rain. 
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So  fitf  •«  aaa  be  aBO«rt>tiied  from  observfttion  the  AtumtU  xglina  in  believed  to  be  * 
Dktive  of  the  country.  Daring  tome  eatire  yoMa  It  is  exttemel;  rare  to  see  m  oater 
pillBT  whether  there  be  san  or  rain,  net  or  dr;  weather.  Some  varieties,  however, 
•eem  eonseqaent  upon  the  aotioa  of  the  sau,  and  othen  apon  the  aotion  of  the  rain, 
appearing  HJid  diaap {tearing  as  if  by  enchantment. 

There  is  an  ineeot  called  the  "mofo"  by  tbe  planters  becaaae  of  ita  gr^y  moldy 
apiiearanoe,  hot  the  aocounte  given  are  so  vagne  and  oonflicting  that  I  am  onable  to 
determine  preuisely  to  what  variety  !tbe)0Qg8.  May  it  not  be  the  "  TortrixearfMt"  It 
is  believed  to  have  come  froDi  the  Bonthem  provinces  about  tbe  end  of  the  nrat  quar- 
ter of  this  century.  It  is  almost  always  present  among  the  cotton  ploate,  especially 
in  seasons  when  there  is  a  scarcity  of  rain. 

There  is  no  certain  data  as  lo  tbe  iotroduction  of  coth>n  iuto  these  provinces,  bnt 
it  is  tboDght  to  be  about  tbe  l)oginning  of  the  last  quarter  of  the  eighteenth  ceotary, 
when  the  Marqaia  do  Pombat  tried  to  establish  exteuaively  in  these  and  other  prov- 
inces tbe  cultivation  of  all  colonisl  plants. 

Tbe  prevailing  direction  of  tbe  wind  is  east  in  March,  sontheaet  in  April,  south  in 
Jane  anil  July.  Rut  duriug  the  last  three  years  of  drought  they  have  been  more  from 
a  northerly  direction. 

So  far,  I  have  not  been  able  to  get  sjiy  speeinienB  of  the  moths  or  caterpillars. 

Begretting  the  paucity  of  these  facts  with  which  yon  are  doubtless  familiar,  1  have 
the  honor  to  be,  sir,  your  obedient  servant, 

ANDEEW  CONE, 
United  Slaba  Conml. 

C,  V.  Riley,  Esq., 

Chi^oftk*  U.  S.  EnUmologioal  ComniuioA,  Wathingloti,  D.  C. 


No.  28.]  UntTBD  States  Consulate, 

Bogota,  Jfril  5,  1880. 
Sir:  Referring  to  tbe  oonnDunication  from  the  Slate  Dopartniout  of  October  13. 
J879,  I  beg  to  inclose  two  oTigioal  ootes  received  from  tho  Colombian  Commissary  of 
National  Agriculture  concerning  the  cultivation  of  the  cotton  plant,  &c.,  for  the  ose 
of  the  Entomological  Commission  at  Washington. 
As  I  receive  further  reports  I  shall  not  fail  to  remit  them. 

I  have  the  honor  to  be,  sir,  your  humble,  obedient  servant, 

BENDIX  KOPPEL, 

PBiied  aiata  ContmJ. 
The  Hon.  Secbetarv  os  State, 

IVa»liiiigltin,  D.  C. 


ITTnitcd  Statea  of  Colombia.    Office  of  thoNMioiuI  Commlulonsr  of  Agrlaulnm. 
Trsuury  aad  the  Xktloiu]  Ciedit.) 

Bogota,  Mamh  30,  1880. 


tbe  Entomological  Commission  of  the  Department  of  Agrioulture.  These  data  nttt 
to  the  State  of  Santander. 

Cotton. — About  5,000  hectares  of  cotton  are  cultivated,  which  annually  prodace,  on 
an  average,  U,000,000  kilograms,  tbe  value  of  which,  at  IE|  cents  per  kilogram,  is 
1250,000.  Eight  hondred  and  seventy- tsvo  thousand  four  hundred  kilograms  arc  seat 
to  BoyacA  and  Cundinamaroa.  The  value  of  these  is  CU4,0ri0.  One  million  one  hun- 
dred and  twenty-seven  thousand  six  hundred  kilograms  of  this  variety  are  spun  in 
tbe  State,  producing  563,800  kilograms  of  thread,  the  value  of  which,  at  60  cents  per 
kilogram,  is  t338,2«0.  This  quantity  of  thread,  with  the  addition  of  100,000  kilo- 
grams of  English  thread,  costing  |242,[i00,  which  is  at  the  rate  of  fl.lO  per  English 
pound,  is  used  in  manufacturing  the  followinj;  articles:  1,275,000  meters  or  !ffi,000 
pieces  of  51  meters  each  of  common  and  fine-colored  cotton  shirting,  which  is  sold  at 
from  (12  to  (21  per  piece,  or,  say,  at  an  average  of  $16.50  per  piece,  maklfiK  a  total  of 
1412  500,  and  for  these  were  used  300,000  kilograms  of  thread  of  both  kinds,  amount- 
ing in  value  to  $360,000 ;  83.t,333  meters  of  lineu  (lienzo)  on  which  are  used  100,000 
kilosrams  of  domestic  thread,  which,  being  sold  at  15  cents  per  meter,  gives  the  sum 
of  $135,000;  100,000  bed  spreads,  and  in  these  have  been  used  250,000  kilograms  of 
domestic,  together  with  a  small  quantity  of  English  thread. 

The  remaining  13,600  kilograuia  of  thread  arc  used  in  making  caps  and  heels  for 
hempen  shoes,  and  in  making  caudle-wicks  and  other  small  articles.  .  Twelve  pieoea 
of  shirting— 250  of  linen,  and  60^000  bedspreads  and  hammooks,  valued  at  $365,600— 
are  shipped  t«  Tonezucla,  and  to  Boyacii  uud  other  States  of  Colombia,  anil  tho  remain- 
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dev«a  consained  iit  Sanlnnder,  wlif r«  about  'JOO.OOO  (pipccs  or  lUHlersf)  of  liuen  im- 
ported from  Bogota,  uud  valued  ut  H(I,U(N>,  uru  also  roiiHimed. 

Let  these  data  snfflce  until  T  am  able  to  Mud  ;oa  those  of  the  other  cotton -ntising 
StateB. 

Very  teapectTiilly,  your  oVjIlcnt  servnnt, 

JUAN  DE  DIGS  CARItASQUILLAS. 
Mr.  Brndix  Koppkl, 

United  Stattt  Cotmid  at  Bogota. 

tt  of  AjnicnltDrs,    Denutineiit  of  tbo 
dll.) 

Bogota,  MaroK  93, 18S0. 
Sui :  Of  the  data  n-hich  I  have  requested  in  behalf  of  tbo  Entnmolocical  Commie-    . 
eionof  theGoTerumeut  atWMhiuKtuu  vpon  certain  poiute  relatini;  to  the  ciiltivation 
of  cotton,  I  have  to-i  I  ay  received  tlie  following,  which  have  been  furnished  1o  me  b; 
Mr.  Pranoiaco  J.  Batmaseda,  President  of  the  Central  Board  of  Agriculture  of  the 
State  of  Bolivar,  ia  au  oQlclal  note  numbered  511,  and  dated  Cartagena,  February  81, 

leeo. 

Hr.  Balmaaeda  aaye : 

Referring  to  the  questions  of  the  Enlomological  ConmiasioD  of  the  Oovernment  at 
WashiugtoQ,  I  will  answer  them  in  their  order. 

1.  In  the  State  of  Bolivar,  darins  the  vat  for  secesaion  in  North  America,  cotton 
was  cultivated  on  quite  a  large  scale,  and  was  sold  in  Europe  as  high  as  16  pence  pen 
kilogram.  Its  cultivatiiin  afterwards  declined  on  account  of  the  cheapness  and  abun- 
dance of  American  cotton  ;  only  amall  (|uantities  are  now  exported,  and  its  cultivation 
ia  performed  by  women  and  boys.  From  September  1, 1S76,  to  Augost  30,  1879.  the 
amount  exported  from  the  port  of  Cartagena  was  but  43ti  bales,  weighing  64i,(K£l  kilo- 
Krama,  and  valued  at  tlT,53o ;  from  that  of  Baranquilla  the  amount  exported  waa 
do nbtless  greater.  The  details  of  its  cultivation  are  as  follows;  During  the  months 
of  February  and  March  the  laborers  clear  the  ground  of  trees  and  brushwood  ;  these 
they  bum  at  the  close  of  the  latter  month  and  plant  the  cotton  as  soon  as  the  first 
showers  fall,  using  the  seed,  which  they  place  so  that  there  may  be  an  interval  of 
three  varas  <a  vara  is  a  little  Jess  than  a  yard)  between  each  plant ;  they  give  it  three 
oleaninga,  and  the  crop  is  gathered  from  January  to  March  of  the  year  following. 

2.  There  ia  only  a  large  ant  called  the  "Arriera,"  which  is  known  in  Cuba  as  the 
"Vivijagna."    Neither  the  Anoiait  xylxita  \»  known  nor  any  insect  that  ii^nres  it  (the 


L  Tliere  is  n< 


o  Cotton  Worm  in  this  country. 

4.  Whether  this  worm  is  indigenous  to  this  country !     See  anawer  to  question  3. 

5.  How  long  has  cotton  been  cultivated  iu  the  United  States  of  Colombia,  an<l  is  it 
found  in  a  wild  state  T 

It  lenot  found  in  a  wild  state,  but  it  is  an  indigenona  plant ;  the  Spaniards  fonqd 
it  cultivated  by  the  Indians.  There  are  two  kinds  of  cotton  on  this  Atlantic  coast, 
one  called  the  "  riflon,"  which  has  a  great  abundance  of  seeds  and  but  little  wool, 
while  the  other,  which  is  the  one  CDmmonly  cultivated,  has  no  particular  name. 

In  the  interior  of  the  Republic  there  are  four  kinds,  known  as  the  "  leDgupa," 
"gnane,"  "rlnon,"  and  "pc^arito."  The  plantof  thekindlast  named  lasts  for  three 
years.  It  is  proper  for  me  to  say  that  the  cotton  plant  in  this  State  of  Bolivia  livea 
rotten  or  twelve  years, and  such  is  the  exuberance  of  its  vegetation  that  iu  somelo- 
oalitiBB~and  this  is  a  common  thing— it  attains  so  great  a  height  as  properly  to  b« 


Cultivators  begin  to  prune  during  the  second  season.  The  main  object  of  this  oper- 
ation is  to  prevent  the  stem  from  taking  a  vertical  direction  and  to  promote  the 
Sowth  of  lateral  branches,  as  the  work  of  picking  the  cotton  is  thus  rendered  easier, 
ia  a  cnrious  fact  that  the  natives  of  what  is  now  the  capital  of  the  Republic  not 
only  manufactured  valuable  cotton  cloths,  but  that  thoy  dyed  them  of  ToriouBColora. 
So  rich  were  tbey  that  on  the  arrival  of  ihe  Spani.inla  during  that  period  of  religions 
fanaticism,  those  cloths  served  to  cover  the  ornaments  that  were  naed on  the  oecaslou 
when  the  lirst  mass  was  said  at  Bogota. 

I  trust  that  these  data  will  be  found  satisfactory,  and  that  they  will  be  of  soma 
aervice  to  the  Qovemmentof  the  United  States.  I  hope  aoon  to  be  able  to  furnish  sim- 
ilar information  from  other  parts  of  the  Republic,  as  I  have  reqnested  the  variona 
State  govemmeniB  and  also  private  persons  to  procore  auch  and  transmit  It  to  the 
agricultural  ofBce  under  my  charge. 

I  am,  sir,  very  respectfully,  your  obedient  servant, 

JUAN  DE  DIOS  CARRASQUILLAS. 
Hon.  Bkndix  Koppei^ 

Vmttd  Stattt  Connil  at  Bogota. 


^aovGoOt^lc 
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MOTKS  ON  INSECTS  INJUKIOtTS  TO  THK  COTTON  PI^ST  IW  THE  KKPUBUC  OV  MEXICO. 

Aa  the  principal  cotton  planting  dUtriots  are  at  aomo  distance  from  tbin  capital,  I 
have  not  Wen  able  to  obtain  the  specimeaB  of  insflcta  requested  by  theCbief  of  the  En- 
toraoloKicalConimluion,  nor  caul  flatter  myself  tbat  tbe  descriptive  infomiatioD  which 
I  have  been  enabled  to  collect  after  much  diffloalty  and  delay,  will  bo  found  to  be  of 
much  practical  valne.    I  nevertheleas  present  it  for  what  it  may  be  worth. 

1.  The  moat  nsnal  and  fatal  enemy  of  the  plant  is  a  small  nbite  nnrm  fiom  1  toS 


la  of  the  most  abundant  orops. 

nil  groffth  and  jnet  before  it 
bloaaoma.  ThiawoTmattaokatheleafalone,snddeTour8ltGompletely.  Inbadaeaaona 
it  la  so  abandant  that  in  tn-o  daya  a  nbole  plantation  will  be  entirely  atripped  of  Ita 

leasee,  ahowing  Kothint;  but  the  bare  ataUca. 

Various  experimenta  have  been  tried  to  couDteract  and  destroy  thia  enemy,  but  none 
aeem  to  have  beeu  attended  with  good  reanlta  except  the  famigAtion  witb  salpbur, 
which  baa  been  tried  on  a  limited  scale,  and  haa  been  only  partially  succesafnl. 

2.  Another  worm  somewhat  similar  in  form,  but  smaller^  aud  of  a  green  color  with 
white  stripes,  makes  its  appearance  at  timea,  but  never  in  suoh  vast  armies,  aud  is 
oonaeqnently  not  so  much  dreaded  as  the  former. 

3.  The  third  insect  mentioned  is  a  large  bug  of  a  brown  color  called  the  "eon- 
cbuela,"  which  is  never  so  abundant  as  the  Catt«n  Worm,  but  inserfs  itself  into  the 
bud  and  prevents  the  maturing  of  the  blossom,  thereby  causing  considerable  damage. 

4.  The  "chahuistle"  in  an  insect  so  microscopic  in  size  that  it  first  appeareaaadrj, 
reddish  powder  covering  the  leaves  and  stock  of  the  plant.  As  it  accumulatee  thi- 
moss  seems  to  distil  n  gammy  sabetance  which  speedily  destroys  every  vestige  of  the 
growth.  I'be  chahniBUe  ia  common  throughout  the  country,  and  attacks  not  only  the 
cotton  plant,  but  other  vegetables  and  cereals,  such  as  beans  (frijoles),  wheat,  and 

5.  In  Durango  the  crops  are  reported  t«  suffer  serioasly  from  "  pocks"  (vimela), 
and  in  some  seasons  are  severely  damaged  by  locnste. 

Ever  since  cotton  has  been  cultivated  iu  Mexico  by  Europeans  or  their  deecendanta 
it  has  been  more  or  lew  infested  with  the  above-described  insects,  which,  however, 
are  not  supposed  to  be  Indlgenoas,  but  to  have  been  import«d  with  foreign  seed. 
Whether  tbia  opinion  is  merely  conjectural  or  founded  on  well  authenticate  tradi- 
tions, I  do  not  Know.  Hernando  Cortez,  on  landing,  found  the  natives  of  theoonntry 
clothed  in  cotton  garments  of  their  own  manufacture,  but  to  the  beat  of  my  knowledge 
neither  bistory  uor  tradition  has  preserved  us  any  infonnation  iu  reganl  to  tbe  ene- 
mies of  the  ootton  crop  before  the  coming  of  the  Spaniards. 

In  the  diatriota  near  tbe  Pacific  coast,  after  the  before-described  ioBocts  an  eclipse 
of  the  moon  is  believed  U>  be  the  most  damaging  enemy  of  the  ootton  plant.  When 
the  eclipse  takes  place  at  the  time  when  tbe  plant  is  in  Idossom  it  perishes  immedi- 
ately aud  completely.  The  only  means  of  saving;  any  part  of  a  crop  under  theae 
oircnmstances  is  to  fumigate  with  a  certain  wood  found  on  that  coast,  which  bums 
slowly  and  gives  ont  volumes  of  smoke.  The  Indians  on  such  occasions  imagine  tb^ 
can  save  their  ootton  by  fliiUK  streamers  of  red  or  other  gay  colored  rags  upon  reeds 
and  sticking  them  over  their  Qelds.  The  planters  of  European  stock,  however,  regard 
this  practice  as  a  superstition. 

The  information  here  furnished  has  been  derived  principally  from  planters  in  the 
vicinity  of  Tepee  and  Dnrango,  no  reports  having  been  received  Ttom  other  quarters. 
DAVID  H.  8TH0THER, 
Vnittd  StaU*  Conml-Qtnaral,  Oitg  of  Mtaioo. 
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ANSWERS  TO  CIRCULAR  NO.  7.» 

Saint  Francisvillk,  West  Fkuciama  Parisb,  Loitisiaha, 

Oetobtr  2,  1879. 
A  oircolftT  ttom  yoD  leqaestlDg  uitirers  to  oertain  qaestioDB  relative  to  tbe  Cotton 
Worm  wa*  received  some  monthe  Blooe,  and  my  reply  tau  been  dererred  to  this  date  in 
lHa£        '     ■         ■■  ■ ■■- 


In  (onus 


order  to  ruable  me  to  observe  the  worm  »nd  ita  depredatioiiB  throaghoat  the  entire 
LiMt  year  a  Bimilar  eircolnr  naa  received  from  the  office  of  the  Agrloaltural 
it,  to  nbich  I  replied  fnlly  and  apeoiaUy  to  ftU  the  qaestions  as  far  as  my 
n  extended. 

1.  Cotton  has  been  grown  bere  KincetbiBcentary  began — eighty  years— and  perhaps 
lunger.  I  am  a  native,  Ilfty-eiKht  yean  old,  and  my  family  and  ralativea  came  here 
from  North  Carolina  in  Spaniali  timee  and  Boon  afterwards,  f.  «.,froiu  ISOO  to  1810. 
They  alnays  raised  cotton  from  their  first  settlement  here. 

a.  I  have  no  records  orbiatorieetorefer  to  in  order  to  aoiwertbiaqneetion  folly  and 
accarately.  Prom  old  settlors  I  have  heardthat  the  Army  Worm  came  here  before  my 
recollection— this  Is,  before  1827  or  1828 — and  destroyed  the  crops.  I  think  this  was 
between  liiSO  and  1SS4.  I  have  heard  old  settlers  who  came  here  from  Soath  Caro- 
lina say  that  the  Cotton  Worm  came  there  before  18I!>,  and  ravaged  the  crops.  From 
my  recollection,  tbe  worms  never  appeared  here  in  any  great  numbers  after  I9S8  un- 
til 1B40  or  1B41.  I  was  raised  on  a  plantation,  where  I  now  live,  my  father  and  all  of 
my  family  on  my  father's  and  mother's  sidebeinglarge  cotton  planters,  and  my  recol- 
lection dates  back  to  IS28  abont  all  matters  of  any  great  moment. 

In  the  above  year,  1840  or  1841, 1  retamed  home  on  a  visit  from  school  late  in  tbe 
fall.  Bay  October,  and  found  tbe  cotton  fields  white  with  the  open  eotton  and  filled 
also  with  Cotton  Worma.  In  a  few  days  they  ate  all  tbe  leaves  from  tbe  stalks  of  cot- 
ton, and  then  began  to  (^raw1  off,  moving  like  a  great  army,  and  filling  the  ruts  and 
wubsa  in  the  roMls  and  Uelda  with  millicma  of  worms,  whidi  being  nnable  to  crawl 
out  died  there  in  masses.  As  tbe  worms  appeared  thai  year  qnite  late  in  the  seaaon, 
no  damage  was  done  to  the  cotton  crop,  except  to  mt^e  the  open  cotton  dirty  and 
trashy  from  the  excrcmonta  and  cat  leaves  dropped  by  the  worms  on  the  cotton. 

In  1846  the  worain  appeared  again,  and  that  year  the  crops  were  ereatly  injured, 
the  worms  eating  tbe  cotton  np  so  early  in  tbe  season  that  not  more  than  50  to  70  per 
cent,  of  a  full  crop  was  made  by  planters  in  this  section.  Tbe  worms  never  came 
again  In  sufficient  numbers  to  attract  any  general  notice  nntil  after  the  war  began. 
We  heard  of  their  appearance  soon  after  the  Federal  oocnpation  of  New  Orleans  and 
tbe  lower  part  of  the  State,  from  the  great  desire  to  get  cotton  to  supply  the  markets 
and  factories  abroad  and  at  the  North  and  the  many  attempts  made  in  that  region  to 
raise  cotton  for  that  purpose.  Inside  of  the  Confederate  lines,  in  this  section,  very 
little  cotton  was  raised  during  the  war,  tbe  people  turning  their  attention  almost  e:x- 
clutively  to  raising  food  crops.  Worms  appeared,  however,  in  the  small  fields  of  cot- 
ton rsised  here  for  several  years  before  the  war  ended.  Eteginning  with  1866,  they 
have  been  in  this  section  every  year  since,  sometimes  many  uid  ag^n  very  few ;  bot 
no  year  has  passed  with  an  entire  absence  of  the  worm  since  1866. 

3.  I  do  not  think  the  coldness  or  mildness  of  the  winters  affeots  the  worms  here — 
our  winters  are  never  very  cold— as  our  latitude  is  too  fikr  Bontb  to  permit  it.  We 
have  had  very  cold  weather,  for  this  section,  many  times  since  1866,  and  the  woroM 
have  appeared  every  year,  more  or  less. 

i,  Tbev  are  always  worse  in  wet  summers :  never  very  bad  in  very  hot,  dn  sam- 
mera.  They  are  generally  noticed  6ret  in  Jnly ,  and  if  ItB  after  progress  is  attended 
by  repeated  rains  during  Jnly,  August,  and  September,  the  erops  are  Yeiy  apt  to  be 
mnob  injured.  If  not  completely  demoliahed.  But  If  itremaiiiB  hot  and  dry  doling  the 
above-named  months,  tbe  worms  never  do  much  damage. 

'This  clrcnlar  is  printed  in  the  IntrodnotlMi. 
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5.  Of  jay  own  kno-nledKe,  they  ar«  to  be  ieen  bore  first  in  June  or  JdIt,  bat  aame 
of  my  friends  and  neighbors  hare  reported  seeing  them  ocoaaionally  in  May,  in  fitiw 
nnmbers. 

6.  They  are  almost  always  fonnd  first  on  the  tatat  places  and  same  plantation*, 
Mattered  over  the  conntry,  vithont  any  apparent  Tepard  to  character  of  soil  or  siir> 
rounding  circamstnnoes,  This  fact  hss  been  generally  noticed  and  epokon  of,  but  >a 
Bolation  has  been  made  of  it  that  Is  satisfactory  and  reasonable.  Like  moRt  other 
qaeations  among  men,  ontside  of  mathematics,  disonssion  never  satisfies  all  partiea 
nor  Hetties  the  question. 

7.  I  have  no  experience  at  all  of  the  winter  habits  of  the  Insect,  but  I  am  satisfied 
it  remains  here  daring  the  winter,  in  some  form,  and  does  not  come  here  regolariy  or 
at  intervals  ttova  any  distance.  Hy  reasons  for  thinking  so  are  too  nnraerona  to  at- 
tempt to  write  them  to  yon,  unless  I  thought  I  conid  prove  the  fact  to  a  demonstra- 
tion, and  thus  settle  the  matter  beyond  all  future  qaeation  or  diepnte. 

tj.  Birds  of  many  kinds  prey  upon  the  worms,  and  many  inscols  prey  on  both  the 
-worm  at  all  ages  and  Htnges  of  its  growth  and  also  feed  on  or  destroy  the  egga.  No 
qoadmpeds  disturb  either  eggs  or  worms,  to  my  knowledge.  Ants  of  vorione  sorts 
prey  on  ihem— botti  cgga  ana  small  worms.  1  liave  henrd  many  tuwcts  spoken  of,  by 
pfrsons  who  had  given  the  matter  close  attention,  a«  being  enemies  to  the  Cotton 
Worms,  and  praying  on  or  destroying  the  eggs,  young  worms,  and  also  those  fnlly 
grown,  t  cannot  speak  on  those  points  from  personal  knowledge,  not  bein;;  a  soien- 
tist  nor  professional  man,  and  having  no  tnrn  of  thought  in  that  direction,  I  amaat- 
isBed  that  mony  animals  and  insects  prey  on  and  destroy  the  Cotton  Worm's  egga, 
yonng  and  ^wn  worms,  or  they  would  eat  up  the  cotton  every  year  they  appear 
here.  Tbey  increase  by  nature  so  very  rapidly  after  their  first  appearance  that,  on 
leM  they  met  many  and  destmctlve  enemies  besides  man,  they  would  always  in 
crease  in  numbers  so  great  as  to  destroy  the  crop  annually.  In  wot  years  these  va- 
rioas  enemies  are  not  present  theiiiHelven  in  snfBcient  numbers  to  make  any  impression 
on  the  Cotton  Worm,  but  in  dry  seasons  they  are  nnmerous  enough  to  nearly  annihi- 
late the  Cotton  Worm,  and  thus  prevent  any  great  damage  to  the  cotton  crop. 

9.  I  have  no  experience  about  aeatToying  the  Cotton  Moth.  Many  might,  no  dooht, 
he  destroyed  by  lamps,  fires,  &c.,  but  the  whole  plaotJng  populatiou  would  have  to 
engage  in  it  systematically  and  persistently,  or  it  would  amoaut  to  nothing.  The 
deatroction  of  any  number  of  moths  by  a  few  planters  or  neighborhoods  would  do  no 
good.  I  have  never  beard  of  sugar,  molasses,  or  anything  of  the  sort  beina  tried  to 
hire  the  moths.  I  think  all  such  things  humbugs,  and  on  a  par  with  the  Yankee  plan 
tried  in  Lower  Louisiana  during  the  war,  i.  t.,  to  spread  tar  around  the  cotton-fields 
to  prevent  the  Cotton  Worms  from  entering  them. 

II).  I  have  no  experience  to  enable  me  to  reply  to  this  question. 

tl.  I  cannot  afl'ord  any  information  on  this  question. 

13.  I  have  never  seen  jnte  nor  any  other  plant  lieing  tried  in  this  section  for  any 
such  purpose.     Have  heard  stories  told  of  sach  things  being  tried  elsewhere. 

13.  Paris  green,  Texas  Worm  Destroyer,  and  such  poisonous  medicines  are  the  only 
things  which  have  ever  been  used  hereto  destroy  the  worms.  T  have  seen  Paris  green 
tried  many  times,  and  heard  of  its  trial  for  years.  There  is  no  doubt  that  it  will  de- 
stroy the  Cotton  Worm  and  preserve  the  cotton  planta  when  the  preparation  is  gen- 
uine and  not  a  cheat  and  it  is  used  properly  and  thoroughly.  Like  everything  else 
done  in  this  world,  it  must  be  done  properly,  tboroogbly,  and  persistently  to  succeed. 
I  have  no  personal  knowledge  of  the  Texas  Worm  Destroyer,  hut  it  is  veryhighly 
recommended.  Indeed. 

14.  I  have  never  known  any  iojui^  to  happen  to  man,  beast,  or  plant  here  from 
using  Paris  green.  All  know  that  it  is  aviolent  poison,  and  use  it  with  cnntlon.  Ko 
doubt,  man,  anlmnln,  and  plants  can  be  injured  by  it,  and  perhaps  all  haive  been  in- 
jured in  some  places  by  its  incautious  use, 

15.  Paris  green  used  in  liquid  form,  ttaia  large  tin  watering-pots  mode  specially  fbr 
the  purpose,  has  been  most  snccessfiil  here ;  it  is  the  preparation  generally  used. 

16.  I  cannot  8tat«  the  coat  of  using  Paris  green  per  acre,  but  its  cost  is  not  great, 
and  does  not  enter  into  any  man's  calonlation  when  he  sets  about  to  kill  tbe  Army 
Worm.  I  bave  seen  a  field  of  cotton  saved  by  two  applications  of  it,  which  wore  made 
at  intervals  of  a  month  apart.  This  field  yielded  one  bale  per  acre,  whereas  without 
the  destruotion  of  tbe  worms  it  would  not  have  mode  half  a  bale  per  acre.  Theae 
worm  poisons  nre  now  mode  and  sold  in  great  quantities  by  responsible  parties,  and, 
like  all  other  articles  of  general  commerce,  are  abundaut  and  cheap.     There  is  n 


Juestion  but  that  the  cotton  crop  can  be  saved  in  part,  if  not  in  whole,  from  any  future 
estmctiOD  by  the  Cotton  Worms,  in  all  sections  where  the  planters  are  energetic,  in- 
telligent, and  harmonious  in  action  hy  the  use  of  poisons — Paris  green,  Texas  Worm 


Killer,  arsenic  in  some  form,  or  some  other  poison.  I  caunot  now  say  that  any  plan 
can  be  proposed  to  destroy  the  worm  or  moth  before  its  appearaniSe  in  tbe  cotton 
fields.  Fires,  lamps,  dec,  would  kilt  immease  Dumhers  of  uoUu,  but  woald  only  re- 
tain the  worms,  oud  not  destroy  tbem. 
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I  bopo  what  I  have  written  aboT«  may  prove  ftcoeptmbla  to  yon.  1  have  givmi  you 
all  the  information  I  ooald  whioh  I  oonld  voaoh  for  pernouaU;.  Any  fatare  commii- 
nication  from  yon  or  your  offlce  will  ba  replied  to  folly  sod  oandidly. 

The  Cotton  Worms  bare  made  their  annual  appeomiice  in  onr  patish  tbiH  year,  bnt 
have  done  no  fjeneral  damage.    (Some  few  Qelda  naveanffered,  on  nllnvial  landa,  bo  far 
(M I  have  heonl.     The  snmmei  baa  been  very  hot  and  dry. 
Very  respectfolly,  yonr  obedient  BCrvaut, 

DOUGLAS  M.  HAMILTON. 

a  V.  KiLET,  cu^  V.  a.  s.  c. 

EvBRGBEXM,  Ala.,  Jugtut24,  1679. 
I  beg  leave  reepectfaDy  to  enbmit  the  following  nnewore  to  yoar  otroalar  (No.  7) 
concerning  the  Cotton  Worm : 

1.  About  the  year  1917. 

2.  In  182&,  oT  abont  eight  yean. 

3.  It  is  moet  generally  dreaded  after  a  mitd  winter,  bntexperitooeteaohea  that  this 
fear  ie  III  fonnded.  It  is  probable  tbat  a  greater  nnmber  of  the  ofaryBalida  aervive  a 
mild  wiater  than  a  severe  one,  bnt  the  present  season  proves  that  they  cannot  all  be 
destroyed  by  cold,  for  having  passed  thronjith  the  severest  winter  since  their  advent, 
the  worms  arc  at  this  time  (Angnst  S4)  destroying  the  cotton  in  some  localities,  and 
bid  iair  to  make  a  clenn  sweep  within  the  nest  two  or  three  weeks. 

4.  Wet  epringa  and  enm mors  are  decidedly  more  favorable  to  their  pTodnction  than 
dry  onee. 

5.  On  or  abont  the  35th  of  May,  tS73. 

6.  In  moiat,  rich  eoils,  where  tbe  weed  ie  most  Inxnriant. 

7.  I  know  bnt  little  fmm  actual  obeervatlon.  I  bave  seen  tbe  chryealids  In  tbe 
groand  exposed  by  plowing,  sometimes  nnder  turfe  or  logs,  or  anything  that  afforde 
protection  from  cold  and  wet. 

8.  None.  Every  variety  of  birds  feed  upon  tbera,  bnt  there  are  not  enongb  birds  In 
a  State  to  devour  all  the  worms  on  n  eLoKte  plantation.  The  Englisb  sparrow  is  the 
only  bird  that  con  Id  be  introdnoed  which  nould  be  available,  and  it  is  not  considered 
practicable  to  try  him.  for  tbe  number  required  to  do  the  work  wonid  require  avast 
amonnt  of  food  at  all  times,  and  of  Itself  beceme  a  greater  pest  to  the  fanner  than 
the  worm. 

9.  All  efforts  in  this  directiou  have  been  fruitless.  The  writer  isof  the  opinion  that 
as  soon  as  the  moth  emerges  from  tbe  chrysalis  it  proceeds  at  once  to  deposit  its  egga 
(of  which  It  contains  a  vast  number],  and  in  not  nttraoted  by  anything  to  be  eaten 
nntil  it  bos  performed  that  function.  They  are  attracted  by  any  Haccliarine  sub- 
stance, likeeugar  and  water  or  molasses  and  nater,  but,  for  the  reasons  stAted  above, 
they  are  considered  of  little  value.  Fires  or  lights  will  also  attract  them,  and,  if  not 
too  ospensive,  might  bo  more  available  than  poiBons.  Owing  to  the  uncertainty  of  the 
time  of  tbeir  advent,  and  of  the  very  short  time  required  for  the  laying  of  their  eggs, 
the  plan  of  destroying  by  fires  can  hardly  be  made  available,  however. 

10.  It  is  immatiTial  whether  the  poison  is  contained  In  vessels  or  spread  upon  boards, 
trees,  &c. ;  they  are  its  likely  to  find  it  at  one  place  as  another.  The  writer  has  seen 
myriads  of  them  destroyoil  by  dropping  into  evaporators  nsed  in  making  sirup.  This, 
however,  is  never  obsprvcd  until  fata  in  tbe  fall,  after  the  cotton  is  destroyed  and  the 
color  of  the  moth  is  changed.  The  last  crop  of  wornis  are  block,  or  nearly  so,  and 
the  moth  springing  from  tbem  is  of  a  darker  hue  than  the  tirst  seei^  and  is  non-pro- 
dnctive.    Those  coming  troni  the  green  i^orm  are  brown,  and  supply  all  the  eggs. 

11.  There  are  none  known  to  the  writer. 

IS.  I  have  nooxperience  with  lute,  but  have  seen  cotton  grown  among  com  escape 
the  ravages  of  the  worm  when  all  other  was  destroyed.  The  writer  does  not  fovor  tne 
plan,  however,  practiced  by  many  cotton  planters,  ofcroosing  cotton  with  com  at  from 
12  ro  20  feet,  innsmncU  as  the  effect  of  retarding  the  progress  of  the  worm  is  not  suc- 
cessfnlly  attaiueil,  and  tlio  corn  thus  made  will  little  more  than  pay  for  the  cotton 
lost,  besides  impeding  the  cultivation  of  the  cott«n  in  case  the  com  is  blown  down  or 
bent  by  wind  (as  happous  as  often  as  not).  In  tbe  opinion  of  the  writer,  the  bettor 
plan  is  to  plant  totion  i«  corn;  i.  e.,  after  seen  tin  g  a  stand  of  com  early  in  the  spring, 
plant  a  hill  nf  cotton  between  each  two  hills  of  com,  so  what  com  is  made  may  ws 
considered  clear  gaiu.  If  tbe  corn  Is  not  bent,  the  cotton  may  bo  worked  after  tbe 
com  is  "  laid  by,"  and  if  it  is  bent,  so  as  to  prevent  the  oaltivation  of  the  cotton, 
nothing  is  lost  by  having  the  cotton  there.  Of  course  this  plan  can  only  be  mode 
profitable  on  good  land,  whero  the  cotton  will  coutinne  to  grow  after  the  fodder  is 
pulled.  The  writer  saw  last  year,  however,  on  poor  land,  more  thon  200  pounds  of 
cotton  per  acre  gathered  from  land  where  15  bushels  of  corn  went  grown,  and  this 
with  one  additional  working.  Moreover,  cotton  grown  alone  immediately  by  the  side 
of  this  corn  and  cotton  was  entirely  deatroye<l  by  worms,  wMlt  that  grown  vilh  thteom 

woi  lINhHIoAtd. 
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13.  Notbing.  From  oxperienco  in  the  use  of  a  tea  or  decoction  of  tlio  Chins  licny 
OD  cabbaEB,  to  drive  away  worms,  bags,  6tc.,  the  writer  ia  iodoced  to  believe  that  the 
same  lui^t  bo  UKd  with  anccesa  on  cotton.  It  is  well  known  that  all  insccta  or  ver- 
min are  averse  to  the  iaste  or  proximity  to  this  plant,  and  the  writer  has  no  doubt 
that  a  thoronsb  application  of  it  to  cottoo,  made  at  the  proper  time,  would  drive  uff 
the  worms.  I  will  not  undertake  to  aay  tbat  it  ia  practicable,  for  the  labor  of  making 
the  Xea  aud  applying  it  may  overbalance  the  profit.  In  other  reapecta,  however,  it 
bo*  the  advantage  of  being  cheap  and  barmleaa. 

14.  1  have  seen  the  cotton  plant  scorched  and  mined  by  naing  the  poiaons  in  too 
concentrated  a  form,  but  have  seen  no  injury  to  persons  or  animala.     Being  a  deadly 

Iioison,  however,  the  Paris  green  will  certainly  kilt  animala  aa  welt  aa  worms  if  taken 
Dto  the  Btomacb.  It  acts  as  a  poioon  also  when  introduced  into  the  syattun  throngh 
the  blood,  and  should  consequently  be  handled  with  a  great  deal  of  oare. 

15.  Of  the  means  yet  diocovered,  no  agent  has  the  ndvantnge  of  Paris  green. 

16.  For  the  protection  of  cotton  of  average  size  of  weed,  an  outlay  of  abont  %S  or 
IS.S5  per  aero  will  be  incurred  in  this  locality,  including  tlie  coat  of  the  poiaaa,  flour 
or  gypsum  for  mixing,  and  labor  of  applying.  Jn  places  where  water  can  be  bad 
without  too  m  nob  labor  the  cost  might  be  a  little  lesa;  but  comporat i vol y  few  fanners 
have  this  natural  advantage. 

The  writer  takes  occasion,  in  this  coDDeotiou,  to  suggest  a  solution  of  the  "  cater- 
pillar question  "  iu  a  very  few  words.  I«t  every  cotton  planter  in  the  South  adopt 
i  system  of  reduced  acreage,  high  manuring,  and  thorough  cnltivation.  Let  bim 
plant  only  such  lands  aa  will  return  a  targe  yield,  say  one,  two,  or  three  bale*  per 
acre,  and  hocou  afford  to  apply  Paris  green  and  save  his  cotton.  Of  course,  this  can 
be  done  in  most  sections  of  the  South  ouly  by  high  mauuring:  but  no  farmer  should 
plant  more  cott«n  than  be  can  make  remunurative.  ,  If  be  can  manure  bnt  one  acre, 
let  him  plant  bnt  one.  This  system  would  not.  only  save  tho  cotton  from  deatrtiotioit 
by  worms,  but  would  immeasurably  improve  the  flnancial  condition  of  the  South  aod 
the  nholo  country.  The  farmer.  iMving  less  cotton  planted,  would  have  more  land 
to  devote  to  grain-crops  and  atook-raising, and  after  onoortwo  years  the  market  valne 
of  cotton  would  be  so  enhanced  that  be  would  receive  ns  much  money  for  his  few 
bales  as  be  now  does  fur  his  many. 
Vory  reapectfally, 

ROBT.  A.  LEE. 

C.  V.  HnjtT,  Chi^  V.  8.  B.  C. 

Hbndkrsok,  Tex.,  Nonember  27,  1878. 

In  reference  to  onr  Cotton  Caterpillar,  it  is  hard  to  drive  to  an  nnoonteated  coneln- 
slon,  oa  there  ore  almost  aa  many  opinions  as  there  are  cotton  formers  iu  the  South. 

I  am  a  native  of  Louisiana,  sixty-four  years  old,  and  have  been  growing  aotton  the 
greater  portion  of  my  life;  atill  I  know  but  little  tbat  ia  worth  telling  in  reference  to 
Ihia  terrible  Southern  peat.  The  first  Cotton  Caterpillar  1  ever  aaw  waa  in  Holmea 
County,  Mississippi,  in  1846.  The  second  time  I  saw  tbem,  iu  niirabera  worthy  of 
notice,  whs  during  our  last  unforttuiat«  war,  1864.  Since  then  they  have  appeared 
annually  (more  or  lesa)  in  all  the  Cotton  States,  They  appear  lo  ha  migratory,  butmany 
deuy  this,  and  support  their  vions  with  some  plausibility.  But  we  are  taught  by 
experience  that  they  do  not  appear  aimultaueoualy '>''^''  ^^^  whole  country,  bnt  annu- 
ally appear  in  the  extreme  sontbern  portions  of  Alabama,  Florida,  Louisiana,  and 
Texas.  We  oftei^boar  of  them  four  to  six  weeks  before  tboy  raise,  hatch,  and  occn- 
mnlate  aufflcient  numbera  to  reach  the  norttiern  portions  of  tliese  States.  The  llrsl- 
comcr  (or  patent)  is  a  small  yellowish  fly,  resembling  somewhat  our  usual  summer- 
evening  candle  fly.  Whether  from  instinct  or  not,  I  cannot  tell — bat  1  will  call  it 
instinct — the  first  fly  visitors  nlwaya  deposit  their  eggs  in  the  center  of  each  Seld. 
Why  so  in  every  instance,  if  it  is  not  to  place  bimaelf,  na  well  as  his  flrst^rood,  as  far 
away  from  birds  and  other  enemies  whieh  might  anuoy  them  near  to  the  forest  trees 
and  woods  t 

Again,  they  invariably  deposit  the  eggs  in  the  top — yea,  in  the  bnd — of  each  stalk 
or  plant,  for  there  the  little  embryo  leaf  is  full  of  downy  fnix,  in  wblcb  the  eggs  lie 
closely  bedded,  elevated  high  to  the  dew,  and  warm  ann.  nnd  soon  hatob.  Now  we 
have  the  worm,  en  smalt  as  to  be  ntmoat  unobaervable,  but  safely  secured  in  hie  downv 
bed,  whii!h  down  ia  his  food  for  a  day  or  two.  when  he  begins  to  feed  on  the  yet  small 
and  tender  leaf,  and  eats  day  and  liigbt  until  he  weba  up,  to  reappear  another  fly. 
This  is  our  first  crop ;  and  from  first  observation  of  the  fly  nntil  trie  second  crop  typ- 
pears  is  about  fifteen  to  twenty  days.  This  second  crop  proceed  as  the  first,  deposit- 
ing their  eggs  in  the  bod,  and  this  time  extend  their  domiuions  to  three-fourths  and 
sometimes  over  the  whole  fleld,  maturing  ns  before,  giving  the  third  crop,  which  soon 
finishes  the  last  leaf  of  the  young  fruit.  I  will  add  tbat  many  suppose  this  last  crop, 
after  devouring  the  crop,  deposit  their  eggs  iu  old  holtow  trees,  old  dry  feuoe-r^la, 
dry  weeda,orotherdryrnbbiBb,  to  slumber  till  another  year,  and  then  reappear.     This 
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doM  not  look  reasonftble  m  compared  with  the  obeervations  as  above  stated ;  bewdea, 
thay  ironld  then  batcb  oat  aod  reappear  at  everj'  place  nbere  tbe;  ezJHted  tbe  ;eBi 

fmvloae;  m>  1  ratbei  believe  tbey  are  miffratoi^,  aod  come  bom  tbe  soutb  anoually. 
am  of  tbe  opinion  tb»t  if  planters  woald  top  tbeii  cotton,  say,  threeor  four  incbee 
below  tbebnd,  about  the  time  they  see  tbe  flrstfly,  mnehbenefli  would  be  bad.  First,  tbe 
Uktoial  place  for  deiMwiting  tbe  ej^gs  would  be  removed ;  second,  if  any  ef;gs  bad  been 
deposited  aboot  tbe  time  of  topping,  tbe  lopped  part  would  become  dry  iu  a  few  hoars 
and  the  egB  would  perish;  or,  if  haCohed,  the  little  baby  worm  could  not  fe«don  the 
di;,  paicbed  leaf,  and  would  thus  perish.  If,  however,  be  bad  streugtb  to  make  bis 
way  to  a  ceigbboriug  stalk,  he  cantd  not  feed  so  yoaug  on  the  lower  tough  leaves,  ae 
be  can  only  survive  on  the  downy  part  in  tbe  bud  first,  and  tben  on  the  youugest  and 
tenderesC  leaves.     Thus  he  acquires  size  and  strength  in  a  few  days  to  feed  on  older 

It  is  natural  that  thoy  do  not  deposit  the  egg  anywhere  on  logs,  trees,  or  woody 
substances,  or  even  on  grown  tough  leaves,  whure  tbe  diminutive  baby  worm  cannot 
feed,  thrive,  and  live ;  so  the  last  or  tbird  crop,  if  deposited  on  these  substances,  would 
soon  become  extinct.    Therefore  they  are'migratory  and  come  from  tho  south. 

Tben,  as  a  remedy,  I  would  suggest,  first,  to  work  and  cultivate  fast,  get  a  good 
growth  as  early  as  ptfasible,  but,  large  or  small,  top  tbe  cotton  as  soon  as  yilu  see  the 
first  fiy ;  second,  I  woald  urge,  as  an  additional  remedy,  to  put  up  poles  with  martin- 
boxea  on  the  top,  and  cultivate  and  raise  our  black-martiu  bird.  It  is  a  South  American 
bird,  innocent  and  hannless  to  all  vegetation.  They  arrive  here  in  May,  raibe  their 
young,  and  migrate  the  1st  of  September.  I'hey  are  a  fine,  greedy  insect-scavenger, 
and  increase  rapidly.  Again,  they  are  by  nature  adapted  to  the  work,  because  the 
caterpillar-fly  works  from  about  5  o'clock  p.  uj.  till  dark  each  day,  and  while  all  other 
birds  retire  to  roost  early,  tbe  black  martin  feeds  till  dark,  lu  fact,  this  mode  of  fur- 
nishing artificial  homes  for  birds  would  invite  many  of  our  native  birds  to  occupy  these 
homea,  and  particularly  our  bluebirds,  which  are  sJso  fine  io sect-destroyers.  Thus,  by 
largely  increasing  our  birds  which  feed  on  these  insects,  we  would  be  well  fortified 
against  the  boU-worm  fiy,  which  muob  reseinblfs  the  oaterpillar-fiy,  both  of  which 
appear  about  the  same  time,  first  iu  small  force,  aud  increase  very  rapidly. 

If  birds  could  bo  distribnted  over  tbe  fields  in  these  artificial  homes,  they  would 
effeotnally  destroy  tbem  ou  their  first  arrival,  when  so  few  in  number.  You  are 
aware  that  in  the  early  history  of  tbe  Sontbem  States,  whore  the  farms  n-ere  small 
and  few  iu  number,  tben  tbe  forests  were  vocal  with  the  song  of  birds.  As  tbe  fields' 
luoreased  in  size  the  forest  decreased,  and  since  our  late  war  the  freedmen  all,  young 
and  old,  used  every  means  to  procure  kuuh  for  the  purpose  of  killiug  game,  and  no 
bird,  however  small  and  innoceut,  is  otlowed  to  escape  their  deadly  aim.  Nor  will 
I  stop  in  coudnmainR  tbe  negroes  for  thiB  unwise  practice,  but  the  same  holds  true  of 
our  idle  young  white  meu,  many  of  whom  indulge  iu  the  practice  as  mere  sport.  Our 
forest  songstersare  now  seldom  tn  beseeu,  their  songs  are  hushed,  and  the  moaning  noise 
of  the  wind  in  the  Ire«-top  is  niidistnrlied  by  the  note  of  tbe  bird.  Laws  should  be 
passed  by  all  tbe  States  to  put  n  stop  to  this  unwise  practice. 
Yours,  truly, 

JNO.  M.  WOLKOM. 

C.  V.  RiLKV,  CkUf  n.  S.  E.  C. 

Heups-tead,  Waller  County,  Texas. 

I  herewith  send  replies  giveo  by  diffeient  farmers  iu  this  county  in  answer  to  tbe 
qaestioD  asked  on  the  first  page,  and  you  will  see  that  there  is  a  variety  of  ideas  gs 
to  the  manner  of  hibertiatian. 

Tbe  qnestions  iu  Circular  No.  7  having  been  carefully  answered,  to  your  first  cir- 
cular, I  do  not  think  I  can  add  any  more  information,  save  perhaps  to  reiterate  mv 
firmer  belief  in  what  I  bad  stated,  to  wit : 

That  the  worm  has  four  changes:  from  chrysalis  to  moth;  moth  t«  egg;  egg  to 
worm;  worm  to  chrysalis. 

That  the  moth  is  short-lived,  from  five  to  sei 
egg-layer;  remarkably  timid;  a  strong  light  r 
their  mission  aud  theu  die. 

That  tho  egg  hatches  in  from  about  five  to  seven  days;  ia  deposited  on  tbe  under 
side  of  cotton  leaf  in  regular  layers. 

That  the  worms  as  ibey  hatch  proceed  at  once  to  do  thuir  mission,  and  taike  from 
seven  to  nine  days  to  perfect  themselves,  when  tbey  begin  to  spin  their  web.  In 
about  thirty-six  hours  the  chrysalis— the  faibemstor — is  ready  for  its  long  or  short  , 
sleep,  according  to  the  protection  or  exposure,  tbe  heat  or  cold,  anrronndiug  it.  It  is 
tlia  Mfd,  that  chance  may  throw  on  stony  ground  and  it  will  [«riab,  or  it  may  fall  in 
le  Weltered  spot  and  there  be  preserved  through  any  winter.     The  cause  of  so  few 

into  nooks  or  places 

stroyed  by  winter's  cold  o 
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I  Bnggegted  that  perh»ii«  the  plant  on  which  the  egg  was  deposited  might  give 
direction  or  impreM  the  worm  with  dMire  to  eat  of  that  plant.  I  am  read;  to  cfauiga 
OT  modif;  m;  views,  and  sa;  that  now  I  think  the  plant  on  whicb  the  worm  foeda 
mnat  have  the  elleot  to  determine  the  plant  for  the  fatnre  worm. 

I  have  observed  this  year  that  the  Cotton  Worms,  after  finishing  the  cotton,  at- 
tacked the  crah-graM,  and  have  eaten  it  np-^nntbing  left  in  the  oom  field  for  atoek 
to  eat:  looks  like  a  frost  had  killed  it.  These  worms  did  not  retain  their  eotton-U^ 
color,  hnt  underwent  a  fett&t.  change ;  the  black  streaks  were  obliterated  and  grcsD 
color  took  its  place;  the  half-grown  worms  became  stooter  and  shorter  and  more 
HlOEEgish  and  of  a  dirty  green  color. 

'Die  change  in  the  worm  is  so  great  that  the  identity  of  the  worm  baa  bean  nKwt 
stontty  denied  by  very  good  farmers,  who  have  said,  "if  you  examine  them  eloaely 
yon  will  find  them  to  be  thegennine  'grass'  worm."  If  all  things  work  according  U> 
my  views,  we  shall  be  visited  by  "grass"  worms  next  spring,  i^ieh  will  eventual  If 
attack  the  cotton. 

9.  A  large  and  strong  light  carried  slowly  through  the  fields  will  snrely  destroj  the 
moth;  bnt  this  mast  be  kept  up  once  a  week,  ana  the  moth  mnstbe  startled  ftom  iu 

13,14,15.  Paris  green  cheapest,  t 

■ ' — Mhftt  will  eat  the  plant.     Shonl 

>t  damage  the  plant.    Animals  ihonld  not  be  aflowedin  fields  where  Paris 
green  is  usc<d. 

la  regard  to  the  answers  herein  given,  my  aim  was  to  get  the  farmers'  indlvidaal 
opinion  nobioaed,  and  after  taking  it  down  wonld  read  It,  and  aak  if  I  had  exprowod 
bim  correctly. 

P.  8.  CLARKE. 
C.  V.  RiLST,  CkUf  n.  S.  E.  C. 

Qnestiou  addressed  to  farmers  of  Waller  Connty,  Texas.— What  is  yonr  opinion  aa 
to  the  manner  or  mode  of  psrpetnatiou  or  preservation  of  the  Army  or  Cott«n  Worm 
ttata  one  year  or  season  to  another  I    In  what  condition  does  it  hibernate  t 

Answer  by  J.  A.  Prkbi.bs. — The  miller,  orfiy,  makes  its  deposit  of  "eggs"  in  the 
fall  In  the  gronnd ;  they  hutch  ont  in  the  scmmer.  these  eggs  reproducing  the  miller. 
The  miller  snbsists  on  some  kind  of  food.  Believes  in  a  male  and  female  Ay  and  oop- 
nlation. 

Answer  by  Dr.  J.  J.  Fbrrt.— Believes  it  is  propagatAd  in  the  chrysalis  from  the 
chrysalis  burrowing  in  the  ground,  there  remaining  Intact  till  tho  period  of  incnba- 
tion  has  expired,  when  the  moth  appears.  Duration  of  incnbatton  from  six  to  nine 
months.     Thorough  system  of  winter  plowing  wonld  eradicate  them. 

Answer  by  Jonif  Pen bt.ks. —Believes  the  eggs  are  deposited  in  the  ground  by  the 
fly ;  there  remaining  till  cold  weather  is  over,  when  they  hatch  as  a  fly.  They  (the 
fly)  subsist  on  some  xind  nf  food  while  existing;  they  0Dpnlat«. 

Answer  by  A.  T.  Bsdrll.— Some  of  the  eggs  remain  unbnrt  by  the  winter  and  are 
hatched  out  in  the  spring,  and  In  this  manner  are  perpetuated. 

Answer  b^  Dr.  L.  W.  OliOCK. — Believesttieeggsare  deposited  uuderthe  bark  of  th« 
cotton-stalk,  nnder  aod  at  the  ground,  and  in  this  manner  lie  dormant  tbrongh  the 
winter  and  batch  ont  in  the  spring.    Ne  copnlatiou. 

Answer  by  J.  C.  RAL8Toy.— The  fly  depoHits  its  egg,  which  Iwcnmes  a  worm,  which 
becomes  a  chrysalis,  which  becomes  a  fly,  which  again  deposits  eggs.  The  fly  doea 
not  eat.  The  egg  Is  the  medinm  of  perpetnation,  wliich  holds  through  the  winter  in 
a  capsule. 

Answer  by  Dr.  William  Clinton. — The  flies,  or  moths,  are  brought  &om  the  per- 
petual cotton  fields  of  Snnth  America  by  strong  southern  breeze.  Each  year  termi- 
nates them,  and  again  are  brought  by  southern  breeee. 

Answer  by  Frank  Cookb,— Originated  in  Southern  States,  is  a  hybrid  or  crosafrom 
oommon  grasa-worm ;  deposit  their  eggs  on  cotton-stalks  or  in  the  ground,  from  which 
comes  the  first  crop,  these  eggs  lying  in  the  ground  till  spriug.  Can  be  destroyed  by 
deep  plowing  or  freeze. 

Answer  by  Dr.  K.  C.  Watson.— The  moth  deposits  eggs  on  leaf,  hatches  in 
■■  -.UonThoT   '  -  ■      ■ 


then  goesinto  chrysalis;  depends  on  peculiar  condltiunshow  long  it  remains  in  this 
atate,  from  which  comes  a  moth.    The  chrysalis  hibemateB,  the  fly  copulates. 

Answ^  by  R.  G.  WniTK.— The  chrysalis  drops  from  the  stalk  and  becomes  covered 
under  gronnd !  in  this  manner  is  preserved  during  the  winter.     Tho  moth  copulates. 

Answer  by  B.  F.  Elijott. — Believer  the  caterpillar  go^s  in  the  gronnd  in  the  fall ; 
then  becomes  a  chrysalis;  remains  dormant  till  next  summer,  when  it  hatches  out » 
fly.     The  fly  ojtts,  copulates,  lives  three  or  fonr  weeks. 

Answer  byZ*CK  Wooi.by.— The  moth  depoaits  eggsin  the  fall,  which  are  pieaerved 
through  the  winter  and  hatch  out  a  worm  in  the  spriug,  which  attaoka  vegetattmi ; 
then  go  to  work,  web  up,  and  turn  to  the  miller  again,  which  denoaita  egga;  thesa 
eggs  hatch  ont  the  worm,  which  goes  to  work  on  the  cotton.  Thenyeata,oopDlfttc^ 
IR^B  three  or  fonr  weeks. 

Dq,t7edHvG00t^lc 
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Answer  by  W.  W.  MOORB. — The  trono  paMM  into  chrf  Balia  and  ia  this  couditioa 
leatains  till  apriiiK>  wben  it  emei^ee  a  bntMrfly.    No  oopulatioD;  no  eatiag. 

AnswerbyA.  A.  Pkitcck.— The  woimgoeBinto  the  ground;  there  changes  to  cbrya- 
alia  and  remains  till  spring,  when  the  batteifly  comes  forth  ta  deposit  eggs  to  start 
the  worm  ;  fly  copnlatea  and  eats. 

Answer  bj'W.  J.  BuchjiMah. — They  go  Into  the  stalks  of  cotton  or  small  stamps  at 
or  near  the  ground  '  there  they  stay  as  a  worm  until  we  see  them  aa»  fly  iu  the  spring. 
The  fly  oopolntea ;  lives  upon  jnices  of  flowers. 

Answer  by  William  Ahubhbbck. — They  pass  into  the  ground  in  the  chrysalis  state; 
there  leuiiuD  dnriiig  winter,  become  perfected  by  spring,  and  come  out  a  fly  in  spring; 
must  be  male  anil  female ;  do  not  eat. 

Answer  by  Daniel  Loggins. — They  go  into  the  chrysalis  and  remain  in  that  condi- 
tion till  next  year,  when  they  come  nut  a  butterfly ;  oopnlate ;  do  not  eat ;  fly  lives 
four  days. 

Answer  by  Dr.  R.  H.  Boxley,— They  pass  into  chrysalis  state,  and  in  this  manner 
hibernate,  when  they  emerge  the  next  year  a  fly.  The  fly  copulates,  but  does  not  eat ; 
lirea  three  days. 

Answer  by  N.  K.  Ai^tokk. — The  caterpillar  deposits  eggs  in  the  groond  in  the  fall; 
they  lay  there  all  winter  and  come  out  a  liy  inthe  spring,  whtah  deposits  eggs  to  make 
the  worm.  Male  and  female  fly ;  copulate.  They  must  eat;  fly  lives  two  or  three 
months. 

Answer  by  Jambs  LoaaiHS. — The  oaterpillar  changea  into  some  other  insect— don't 
know  what  this  is — which  hides  itself  till  spiing  audtheu  comas  out  a  fly ;  fly  <wpa- 
lates  ;  feeds  on  somelhiDg ;  lives  nine  days. 

Answer  by  JoiiN  LOOGINB,—  The  caterpillar  burrows  in  the  ground  in  the  fall ;  it 
changes  tb ere  to  chrysalis,  andin  the  spring  comesout  a  hntterfly;  flycopnlat^;  lives 
on  juices  of  plants;  exists  about  twenty-one  days. 

Answer  by  J.  F.  GROCE.—Tho  fly  goes  into  the  ground  or  secretes  itaelf  in  some  hid- 
den place  in  the  fail  to  protect  itself  from  winter's  cold,  and  comes  out  i»  July  and 
August  to  deposit  eggs;  no  copnlation;  no  eating  by  fly. 

AnsTrer  by  Jounson  Ueh6ley.— A  small  bnttorfly  la^s  its  eggs  in  the  fall  in  old 
trash,  Jcavcs,  or  hark  of  cott-on  stalks.  These  ogffi  remain  intact  during  winter,  and 
in  mouths  of  June  and  July  hatch  out  the  worm.  The  fly  copulates  and  eats  juices 
of  vegetation.  First  saw  the  worm  in  Washington  County,  Texas,  in  year  ISU,  on 
Uilk  Creek. 

Answer  by  Waller  Cochhan. — The  caterpillar  burrows  in  the  ground  j  there 
chanffee  into  chrysalis,  and  in  this  conditioD  stays  till  proper  time  to  hatch  out  a  fly. 
The  fly  copulates ;  does  nut  eat ;  lives  two  or  three  weeks. 

Answer  by  J.  D,  Mitchell, — They  remaiu  in  chrysalis  stat«  in  any  place  suitable 
to  protect  Ihem  during  winter;  in  spring  it  comes  out  a  fly,  which  deposits  eggs;  fly 
copaiales;  subsists  on  Juices  of  plants;  lives  fifteen  or  twenty  days. 

Answer  by  H.  Lewis. — They  go  through  the  winter  in  the  ohrysalis  state.  After 
eating  up  the  cotton  (1679)  they  took  to  the  crab-gross  in  the  cornfield  and  devoured 
it  completely.  Did  not  discover  any  change  in  the  color  of  worm  after  eating  the 
grass.    The  fly  lives  six  or  eight  weeks. 

Answer  by  Dr.  E.  Montoomery. — The  chrysalis  is  the  niedinni  of  perpetuation  dur- 
ing and  through  winter.    The  fly  eats  and  copnlutea. 

Answer  by  J.  H.  Davis. — The  chrysalis  for  the  most  part  turns  ont  a,  fly,  but  some- 
times a  cross  between  a  chrysalis  and  worm.  This  cross  goes  into  the  ground  and  into 
trashandlays  there  till  spring,  or  asuitable  time,  when  it  comes  out  a  tly.  Sometimes, 
when  Ihe  weather  is  not  suitable,  very  few  develop,  and  consequently  we  have  very 
fow  wonus.    The  fly  does  not  copulate,  and  does  not  eat. 

Answer  by  Thomas  Armt:)!. — The  fly  socrotfle  itself  in  some  warm  place,  where  it 
hides  till  winter  is  over  and  warui  weather  comes  to  bring  it  ont;  male  and  female 
fly ;  copulates,  but  does  not  eat.  Believes  the  worm  eating  up  the  grass  is  a  totally 
different  one  from  the  Cotton  Worm. 

Answer  by  Thomas  Hay.— Believes  they  pass  the  winter  in  the  chrysalis  state;  have 
frequontlyseen  them  plowed  up  oat  of  the  ground;  male  and  female  fly ;  flylivesabout 
ten  days.  The  worm  now  eating  up  the  grass  is  a  totally  dillerent  worm  from  the  Cot- 
ton Worm,  it  being  of  a  green  color  and  smaller. 


LlVINQSTOlI,   SUHTBB  COUNTY,    ALABAMA, 

Sapienber  5,  18T0. 
HaJ.  J.  a.  Harris  handed  me  your  circnlar  and  letter,  with  reqnest  that  I  should 
reply  to  the  same.    I  herewithinclosemy  essay  on  destroying  the  Cotton  Worm,  writ- 
ton  ui  1873,  wbiclf  Vlll  IP^B  niy  answers  to  many  of  the  questions. 
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2.  Tlie  first  year  of  the  noims  traa  in  IB42  (ao  fat  u  I  know),  when  they  slrippcd 
the  foliage  from  the  cotUm  in  September. 

3.  They  aie  gonerally  worse  after  a  winter  of  even  temperature,  not  very  cold.  Laal 
winter  was  a  very  cold  one,  anA  the  wortni  have  worked  aboat  in  patches  throngh 
the  two  post  mantlis,  but  not  extensively  damaging  the  cotton,  though  the  w  eatlier 
bu  been  very  wet,  and  the  moths  ore  now  appearing  in  considenible  numbent.  Wa 
bave  them  in  damajtinn  numbers  one  or  two  years,  and  then  an  iutermisaion  of  two  or 
three  years,  and  sometimes  alternating  iu  different  sections  of  the  connty. 

4.  Wet  snnimers  are  much  the  moat  favorable  for  their  multiplication.  Id  dry, 
warm  summcra  tbey  do  not  mnltiply. 

•).  By  the  middle  of  May,  but  generally  not  till  June,  in  their  earliest  but  ant&ll  k*0' 
erations.  In  1873  the  destructive  brood — saeoad  oc  tliird  generation — stripped  the 
cotton  of  foliage  in  July  and  early  in  August;  usually  not  till  the  last  of  Aagustaad 
September. 

r>.  The;  generally  appear  earliest  in  "  bottom  lands"  and  pcoitie,  where  a4joinibg 
thick-set  wood  lands. 

7.  Theyhibemateintbe  moth  state;  oudatsothe  very  late-formed  cbrysalisexietain 
tiiat  Btate  through  the  winter,  where  protected  Itom  severe  cold  by  grass  or  other 
herbage  or  covering,  and  perhaps  in  the  ground. 

8.  Alt  our  insectivorous  birds  consume  the  worms,  and  the  moths  %o  some  extent, 
bat  which  ore  not  out  on  the  wing  except  at  late  evening  and  at  night,  or  at  a  dirk, 
oloody  evening. 

9.  No  metboda  to  destroy  the  moths  have  proved  effectoal ;  but  fires  attract  tbeio 
most,  when  some  am  burned  or  their  wings  disabled,  aod  molasMs  will  stick  and  hold 
a^me  when  attracted  by  acandle  standing  in  the  plato  or  vessel.  This  is  the  nnlj 
known  meansof  destroying  the  moth  of  the  boll-worm,  and  preventing  the  great  dam- 
age to  the  cotton  crop  by  their  more  obscure  depredations,  and  might  bo  effectual  to 
lesHen  them  much  by  the  persistent  use  of  great  Duml>erB  of  these  plates  of  niolassca, 
with  lamps  or  lanterns  so  made  that  thoy  could  fly  into  anil  be  burued,  and  tliuM  de- 
stroying them  before  laying  tlioir  egge  in  the  cotton  blossoa.  But  sugar  or  slrupsdo 
not  perceptibly  attract  by  tbemeelvos. 

10.  These  things  are  only  useful  iu  plates,  when  the  moths  are  attracted  by  lights. 

11.  Know  of  no  flowers  which  attract  the  umih,  except  tbe  cotton  blossoms  attract 
the  moth  of  the  boll-worm,  in  which  it  deposits  the  eggs,  one  in  each  blossom  ;  and 
these  blossoms  are  expanding  froui  early  June  to  September  which  perfect  cotton, 
and  tbasce  on  into  October,  but  nbich  are  too-late  to  mature. 

12.  Enow  nothing  of  the  inflaeuce  of  jute  grown  near  cotton. 

13.  Enow  nothing  better  than  Paris  green  or  cheaper  than  arsenic  to  destroy  the 
worms,  bat  have  on  essay,  in  pamphlet,  published  in  ldT4,  on  "The  Texas  Cotton 
Worm  Destroyer,"  dlacovered  and  patented  by  J.  D.  Braumn  and  A.  Rnhiro,  "  which 
is  »  salt  of  arsenic  that  readily  dissolves  in  cold  water,"  "  four  ounr.es  of  which,  dis- 
solved iu  40  f^sllonsof  water,  and  costing  Scents,  and  sprinkled  over  un  acre  of  cotton 
with  a  watenng-pot  or  Bprinkling-mocbine,  will  effectually  destroy  the  worms  and 

E reserve  the  cotton."  Patontod  by  Robert  Beunie  in  1874.  And  tbey  claim  that  it  is 
etter,  safer,  and  cheaper  than  tbc  other  articles  named. 

14.  Have  not  knonnof  any  iojiirious  effects  from  the  poison  to  men  or  animaln,  but 
heard  of  some  through  want  of  caution.  The  cotton  leaves  are  qm'ckly  crisped  and 
killed  by  the  application  of  more  poison  than  is  necessary  to  kill  the  worms  or  iu  too 
concentrated  a  form. 

15.  The  best  methods  of  destroying  the  worms  are  given  in  the  above  answers  and 
in  my  essay,  and  the  most  expeditious,  with  the  cheapest,  will  be  to  use  the  poison 
in  a  dissolved  form,  ami  applied  with  a/ountotn  hand-pump. 

16.  Tho  cost  per  aore  to  proteiit  a  crop  of  cotton  by  killing  the  worms  with  poihou 
will  be  from  25  cents  to  (1  and  about  half  a  day's  work  with  the  fountain  hand-pump, 
to  apply  tbo  poison  in  water,  dissolved;  or  with  sifters  lined  with  muslin,  to  apply 
the  poison  in  dry  form,  well  mixed  and  iucorporated  with  plaster  or  flour,  when  the 
cost  of  the  flour  may  be  added  to  the  above-named  cost,  which  was  given  only  as  Ih« 
cost  of  tbc  poison.  What  would  be  the  cost  of  lamps,  lantern  traps,  vessels,  and 
matcrisl  t^  destroy  the  moth,  particularly  that  of  tho  boU-wonn,  wbich  does  a  vast 
amount  of  Injury  to  cotton  crops,  or  even  to  materially  lessen  the  numbers,  cannot 
now  be  estimated,  aa  it  has  not  been  sufficiently  tested.  The  fountain  pump  costs 
about  S5. 

Kespectfolly, 

L.  D.  HOYT. 
Prof.  C.  V.  RiLBY. 
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Pasish  of  Concobdia,  Looisuka, 

l«k«  Conocrdia.  Augtut  8, 187U. 

1.  'About  the  year  ISIO  the  planters  of  this  ttatiah  and  tbe  u^oiDineooiiDty  of  A^aml, 
most  of  irbom  owned  property  in  both  locolitleH,  comnieiicea  abaDaouing  the  culture 
of  indifp,  and  snbBtitated  that  of  the  cotton  plant. 

2.  The  first  Cotton  Worms  or  CaterpillarB  were  noticed  in  1S40,  both  in  this  pariah 
and  in  Adams  County.  The;  were  noticed  in  Angual  CDttiog  tbe  cotton  In  rank 
gpotft.  The  second  crop  stripped  the  ranlc  cotton  in  September.  Tbe  appearance  of 
an  heretofore  unliDown  insect  cansed  a  meeting  of  all  tbe  leadiag  pliintere,  and  it  was 
BCnerally  igned  that,  owing  to  the  Inxnriant  rank  growth  of  tbe  cotton  stripped  by 
£be  worms,  thev  were  rather  a  benefit  than  otherwise,  leaving  the  bolls  exposed  to 
the  snn,  and  thus  insnring  tbeir  ripening.  The  worros  again  appeared  in  greater 
nnmbers  in  1644  and  1846,  doinc  considerable  damage  both  jeara,  especially  in  the  lat- 
ter year,  as  they  strippedevery  field  in  the  county  before  malurity.  Tbeyoontinned  to  ■ 
appear  in  nnmbera  at  intervals  up  to  tbe  breaking  out  of  the  war,  but,  as  the  cnltnre 
of  the  cotton  plant  was  pushed  forward  very  eany  nnder  the  then  existing  sjatem 
of  labor,  the  yield  was  not  much  shortened  by  the  stripping  of  the  leaves  in  Septem- 
ber, aod  many  planters  continued  to  think  that  the  large  cotton  in  new  grounds,  of 
which  there  was  a  considerable  quantity,  was  benefited  oy  the  loss  of  foliage. 

3.  The  character  of  the  winter  seems  to  have  very  little  intinence  upon  tne  propa- 
gation of  tbe  Cotton  Worm ;  its  development  in  greater  or  less  numbers  seems  to 
depend  principally  upon  the  character  oi  the  summer  season.  A  wet,  rainy  summer, 
causing  a  rank,  Hucculent,  growth  of  the  plant,  is  peculiarly  adapted  to  their  propaga- 
tion in  conntlesa  d  umbers,  even  apparently  shortening  the  period  between  their  leap- 
pe^^nce  from  twenty-one  to  eighteen  days,  and  caneing  them  to  appear  in  such  nnm- 
Dera  in  what  is  commonly  called  the  second  crop  fin  August)  as  to  almost  destroy  the 
leaves  on  tbe  cotton,  and  not  leave  sufficient  foliage  to  sustain  the  next  generation 
in  September  (or  more  than  half  their  allotted  seven  days.  For  instance,  the  winter 
of  ISTS-TS  was  one  of  the  coldest  known  in  this  latitude  for  yeara.  Worms  were 
noticed  in  the  latter  part  of  May,  and  by  the  last  of  August  the  cotton  fields  of 
this  parish  were  perfectly  bare,  sud  yet  stilt  another  crop  of  worms  hatched  in  lat- 
ter part  of  September,  and.destroyed  crops  saved  by  application  of  Paris  green. 

4.  Wet  summers  are  almost  essential  to  the  reproduction  in  any  great  numbers  of 
tbe  worm.  Many  of  the  eggs  do  not  hatch  in  dry  weather,  and  then  the  many  enemies 
of  the  worm  have  a  better  chance  to  destroy  them. 

5.  Id  1S6S,  the  first  year  of  my  experience  as  a  planter,  I  noticed  a  few  in  spots 
about  July  15.  August  7  they  were  qnite  numerous  in  spots.  August  25  they  reap- 
peared, and  injured  the  crop  considerably  ;  wormsgreen,  with  two  rows  of  yellow,  with 
block  spots  down  back.  September  8  a  more  nnmerous  crop  stripped  portions  of  the 
field.  September  '25  the  green,  with  black  stripes  down  back,  appeared,  and  mod 
stripped  Mie  plants  of  every  leaf  and  smali  boll.  In  18G9  I  found  a  few  worms  aseorly 
as  June  24,  full  grown,  pale  green,  marked  with  white  and  yellow  spots.  July  15  a 
few  were  noticed  in  rank  cotton.  AngustT  they  were  quite  numerous  in  spots  of  same 
character  of  collun.  August  'J7  the  green  and  block  spotted  worm  "chopped"  the 
leaves  badly  over  whole  crop,  and  successive  crops  appeared  each  week,  Septembers, 
September  6;  aud  then  on  September  20  tbe  green  and  block  striped  worm  com- 
menced stripping  the  crop.  This  was  a  very  wet  season,  cotton  growing  very  large, 
and  despite  the  loss  of  leaves,  the  yield  per  acre  was  about  one  bale  of  400  pounds 
weight. 

In  IHTO  the  seasoD  was  one  of  tbe  driest  ever  known.  I  did  Dot  find  worms  until 
September  15,  and  then  the  greeu  and  block  striped.  They  were  not  in  sufficient  num- 
bers to  do  any  barm.  In  1^1,  the  first  worms  noticed  fi^m  1st  to  15th  July,  green ; 
reappeared  August  15,  green,  with  block  spots ;  September  10  appeared  in  considerable 
nnmbers,  green,  black  striped,  but  did  not  eutirely  strip  the  plant;  extremely  wet 
spring,  but  dry  summer.  In  1872  the  first  noticed  were  on  September  9,  green,  yellow 
stripes,  black  spots  ;  reappeared  Jnly  15,  all  sizes  and  stages ;  August  20  to  25,  heavy 
crop  of  green,  block  striped,  stripping  the  cotton  early  in  September.  In  1873  found 
first  worms  latter  part  of  May  ;  hod  seen  Hies  around  buildings  on  warm  days  in  Feb- 
ruary ;  did  not  poy  much  attention  to  their  reproduction  until  July  25,  when  the  green 
and  block  spotted  oues  appeared  in  considerable  quantities.  August  15 the  green  and 
black  striped  worms  came  in  myriods,  and  made  short  work  of  the  rank,  suooulent 
cotton,  the  growth  of  a  rainy  summer.  I  saved  900  acres  by  applying  Paris  green; 
600  acres  iu  one  part  of  the  parish  was  destroyed  by  Oct«bar  I,  the  flies  having-been 
blown  into  my  fluids  fh)m  aojoiniug  plautations  by  a  heavy  wind  the  week  previous ; 
'XO  acres  on  anotber  plantation,  being  isolated,  was  not  agaiu  molested. 

In  1074  the  first  and  second  appearances  were  noticed  latter  part  of  July  and  Au- 
gust ;  September  4,  considerable  uumbets  of  all  sizes  and  grades ;  September  14,  num- 
bers HofBoient  to  strip  the  cotton  crop,  us  it  wos  uiostly  plnuted  after  an  overflow. 
Applied  Paris  green  in  places,  bat  the  worms  disappeared,  probobly  destroyed  by  birds 
Koa  inaeots.    In  1875,  olthongh  not  an  unnsually  dry  year,  no  worms  were  noticed. 
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IiilS76,  foondft  few  woTDUon  JqIt  IS;  AagDit2,  oouBiderable  snmbeniDmota;  An- 
nut  22,  rettppenred  in  oonstderable  ntunben,  all  grades  and  stzei,  bnt  by  September 
7  tifey  faftd  mostl;  dlaappeared,  it  being  very  dry  and  hot,  and  birds  and  inwota  being 
plentiful.  In  1^,  noticed  wotniB  in  July;  Augoet  10,  good  many;  Angast  16,  in 
anEBcient  numbers  to  jiutify  nse  of  Paris  ereen  in  places,  which  saTed  that  portion 
of  the  crop,  bnt  the  worms  reappeared  in  force  September  'iO,  and  by  2Sth  there  was 
not  a  leaf  left.  In  IBT8,  fiiD-grown  worms  seen  August  9,  earlier  broods  not  noted; 
Angust  21,  fait  crop  green,  black  spots,  oat  over  targe  area  of  the  coantry,  thoD^uot 
general;  sgain  used  Paris  green  with  soccess;  September  13  to  19,  oottoa  stripped. 
In  1879,  the  worm  was  first  seen  about  Jane  SO ;  about  July  15  it  was  again  obawved, 
and  now  tbey  are  found  through  the  fields  in  all  parts  of  the  parish,  always  tbe  pale 
green,  yellow,  striped,  and  black  spots.  We  look  for  a  pretty  full  crop  abont  SStli, 
Kid  adestructiveoneabont  September  10,  with  continuance  of  this  favorable  showery 
-weather,  anless  some  natural  oaases,  in  way  of  birds  or  insects,  prevent  tltcir  propa- 
gation. 

6.  The  Cotton  Fly  is  a  shy  insect,  and  seeks  shelter  in  large  eottoD,  which  growsio 
damp  spots ;  there  the  eggs  are  deposited  and  the  first  worms  hatched. 

7.  The  moth  hibernates  between  the  bark  of  old  lugs  and  dead  trees,  in  tbe  lofts  of 
barns,  gins,  and  ontbuiidings,  protected  between  abiaglos,  or  in  orevioes,  in  •stateof 
torpor.  Only  a  few  snrrive  the  rigors  of  winter;  hence  thevery  few  which  appear  in 
the  early  spring.  It  is  my  impression  that  the  moth  is  impregnated  in  the  fall,  bnt 
this  is  simply  a  matter  of  conjecture. 

8.  Nearly  all  birds  and  fowls  devonr  the  Cotton  Worm  with  aridity,  bnt  the  com- 
mon black-bird,  which  to  a  considerable  extent  hibernates  in  this  region  and  breeds 
here,  is  the  greatest  enemy  among  birds.  The  common  red  wasp,  the  small  red  aat, 
a  species  of  large  ereen  spider  tbat  I  have  never  observed  except  on  the  cotton  plant, 
•  hexagon  shaped  bag.  green  and  sometimes  brown  (it  beingapparently  of  a  chameleon 
natnre),  flat  and  emitting  a  very  disagreeable  odor  when  roughly  tonched,  armed 
with  a  long,  sharp  bill  which  it  carries  under  the  body — commonly  oalted  the  pump- 
kin-bus— and  lastly,  tbe  lohneomon  fly,  all  destroy  the  worm  in  its  various  stageaof 
transitJon — the  ant  even  taking  the  larvie  from  the  nnder  side  of  the  leaves.  The 
wasp  and  Ichneumon  fl,v,  where  uumeroos,  seem  to  be  most  destructive. 

9.  The  experiment  of  savin)^  a  arop  from  worms  by  destroying  the  moth  was  most 
eBeotnally  tried  prior  to  the  war  when  well-oon trolled  labor  waa  at  band  and  money 
was  plentiful,  and  since  then  some  enterprising  men  have  spent  much  money  and  time 
in  the  vain  attempt  to  save  their  crops  by  this  means,  bat  none  in  this  section  have 
succeeded.    There  are  many,  many  times  more  worms  hatched  than  necessary  to  con- 

Elete  the  work  of  dostrnctioa  ;  besidee,  my  lielief  ie  that  the  moth  deposits  its  ens 
efore  leaving  shade  of  the  thick  cotton,  and  having  accomplished  its  deatmctive 
mission  then  flies  about  in  the  air. 

10.  The  moth  is  attracted  by  the  light,  and  my  observation  is  that  the  vgosbU  ood- 
taining  molasses,  &c.,  being  placed  around  the  light,  serve  moro  to  entrap  than  attract 
them.  The  moth  ie  very  destmctive  to  taiU  frnit,  puncturing  it  so  soon  as  it  begins  to 
ripen. 

11.  Have  never  noticed  moth  about  flowers. 
IS.  Have  never  seen  the  experiment  tried, 

13.  Arsenic  itself  is  used  by  some  persons,  they  claim,  sucoessfuUy,  and,  of  conree, 
as  it  only  takes  abont  one-quarter  of  a  poand  to  an  acre,  it  is  the  cheapest  poison  that 
can  be  need ;  bnt  owing  to  the  great  weight  and  the  perfect  insuluhitity  of  arsenic 
with  water,  I  have  found  it  a  very  anaatis&ctory  applioatinn ;  flrst,  unless  incessantly 
stirred  and  shaken  it  precipitates  and  clear  water  is  applied,  and  the  Cotton  Worm 

Seoondiv,  if  too  much  is  carried  in  anspension  upon  ths  cotton  it  bums  all  yonng 
bolls  and  leaves.  The  Tsxm  Worm  Destroyer,  a  salt  of  ameiiic,  has  considerable  rep- 
utation and  does  dissolve  in  water,  bnt,  individually,  1  havi^been  unable  to  attain  the 
happy  medium  of  mixture — either  the  worms  am  not  killed  or  the  col  ton  is  much  bnrni 
when  applied  strong  enouffb  to  kill,  A  solution  of  arsenic  known  in  this  section  as 
"  Early  Bird,"  and  which  dilutes  readily  with  water,  has  the  same  objection — it  has 
to  be  made  too  weak  to  kill  worms  or  it  Kills  wurmsand  bnmsootcon  atthesamo  titoe. 
Hence  I  find  myself  compelled  to  odlicn-  tu  tbe  Paris  green,  even  when  run  up  to  7K 
cents  per  pouiul,  ns  was  the  case  in  IKTJ,  Have  tried  sandry  other  poisons  without 
effect.  Ain  now  having  prepared  several  solutions  of  Paris  green  with  ammonia  for 
experiment.  As  the  great  trouble  is  that  Paris  green  will  not  dissolve  in  water — being 
only  held  in  a  slate  of  suBpenaiun  and  precipitating  so  soon  as  the  water  ceases  to  be 
agitated — the  water  into  which  it  is  put  has  to  be  constantly  stirred,  and  the  S-gallon 
pots  from  which  it  is  sprinkled  havo  to  be  coustantly  shaken  violently ;  therefore  we 
have  been,  so  far,  unable  to  use  any  mechanical  process  of  sprinkling. 

14.  When  applied  too  strong,  say  in  greater  proportion  than  I  pound  of  green  to  40 
gallons  of  water,  orepoandsuf  greeu  lo  SOU  pounds  of  flour  and  land-plaster,  the  mix- 
ture wiU  hum  and  kill  young  bolls,  forms,  and  tender  leaves,  and  thns  do  as  much  hMin 
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aa  worms.  Occaaion&l  inetances  of  men  being  naaBekted  while  mixing  the  green  with 
flour  and  pla«l«r,  or  even  while  eifting  it  on  the  plant,  hare  oome  to  m;  notice ;  but 
a  single  dose  of  the  antidote,  bydrated  oxide  of  iron,  always  gave  relief.  A  good  many 
instances  occnr  of  men  becoming  chafed  by  riding,  and  the  flour  mixture  and  even  the 
water  getting  on  Iheii  persons  oanses  soreness,  and  sometimes  swelling  of  the  parts 
accompaniea  bf  an  eruption  of  white  pimplee ;  but  this  is  soon  relieTed  b;  the  une  of 
the  antidote  externally  or  an  occasional  application  of  sweet  oil  aud  sprinkling  of 
flonr.  This  trouble  is  prevented  by  use  of  oil-clotb  aprons  and  free  nee  of  strong  soap 
uttet  working  with  the  mixtures.  Uules  are  aometiines  made  tore  aronnd  and  under 
the  tail  and  on  flanks  and  shotilders  if  care  is  not  taken  to  wash  them  clean  of  the  flour 
mixta  re,  which  becomes  caked  in  (be  hair. 

15.  I  have  found  the  applicatioD  of  Paris  green  the  ttirmt  poison  (or  destroying  the 
worm,  applied  in  Che  early  morning  and  late  evening,  mixed  witb  flour  and  equal 
parts  plaster  of  Paris  and  land  plaster,  6  pounds  green  to  200  pounds,  oarefully  and 
thoroughly  mixed  and  sifted  before  using,  and  tben  sifted  on  each  side  of  the  row 
threngn  a  No.  24  sifter,  and  dnring  the  heat  of  the  day  when  the  leaves  are  dry,  { 
ponnd  to  1  pound  green  to  40  gallons  water,  sprinkled  on  each  ^de  of  the  row  with  a 
2-gallon  watering-pot,  ordinary  sized  rose,  perforated  with  holes  about  the  size  of  a 
knitting-needle.  The  drawbacks  the  cotton-grower  has  to  contend  witb  are  many. 
Fint,  if  the  worms  come  early,  say  about  August  1,  in  sufficient  numbers  to  Joitti^ 
the  use  of  green,  the  next  crop,  which  comes  abont  September  I,  will  destroy  his  crop ; 
besldee  the  work  of  cultivation  is  not  completed.  If  thej;  do  not  app«ar  ttntil  1st  to 
10th  of  September,  he  is  then  compelled  to  devote  his  time  to  picking  the  crop  on 
Bandy  lands,  and  a  loss  of  a  week  Irom  this  important  work  results  eventually  in  great 
lose.  If  the  worm  appears  in  force  about  the  middle  of  August  the  planter  is  then 
better  prepared  to  destroy  them,  and  tbe  plant  in  a  better  condition  to  Justify  the  ex- 
pense ;  bnt  oftta  the  weather  is  very  showery,  and  much  of  tbe  green  is  washed  ofi", 
and  the  plant  is  partially  stripped  before  tbe  worms  are  killed ;  also,  now  that  Paris 
green  is  so  extensively  nsed  for  tliis  purpose,  the  article  is  very  much  adulterated,  and 
while  he  pays  less  apparently  per  pound  for  it,  it  reqnirea  more  of  it  to  same  quantity 
of  flour  or  water,  and  even  then  it  is  not  so  destmctive.  Our  gieat  need  is  a  cheap, 
toluble  poison,'  which  will  dissolve  thoroughly  in  water  and  kill  the  worm  and  not 
bnm  tlie  cotton. 

16.  The  cost  of  application,  ontside  of  first  cost  of  the  Paris  green,  depends  npon  a 
good  many  contingenoiee — convenience  qf  watei^  size,of  cotton  plant  requiring  more 
or  less  of  the  mixtnre  to  the  acre.  Where  applied  mixed  with  water  and  the  water 
is  convenient,  as  is  generally  the  case  in  this  parish,  it  will  cost  from  $1  to  (1.50  per 
acre.  When  applied  mixed  with  flour  and  plaster  (by  far  the  most  efBcaoious  pro- 
cess) it  will  cost  from  $1.50,  at  tbe  lowest,  to  C^.50  per  acre.  The  best  and  surest  (ilun 
for  the  cotton-planter  to  protect  himself  against  the  ravages  of  Cotton  Worms  is  to 
list  up  his  lands  in  December,  and  very  early  in  January  replow,  plant  early,  and 
force  the  plant  to  maturity  by  constant,  JudioioQB  cuitivation.  This  mode  costs  as 
much  per  acre  as  the  application  of  Paris  green,  bat  it  is  money  better  spent,  us  the 
soil  is  kept  in  better  plight  by  such  a  process.  Still,  ander  favorable  circumstances, 
I  am  a  strong  advocate  for  tbe  use  of  Paris  green,  or  any  other  efficient  poison,  to  kill 
tbis  worm,  and  use  Ihe  green  whenever  my  crops  are  threatened  with  injury  by  the 


Very  respectfntiy  joors, 
C.  V.  RiLBT,  Chief  U.  S.  S.  C. 


T.  3.  SHIELDS. 


Natcbitoches,  La.,  Stptanber  29,  iej9. 
Fint,  in  order  to  answer  your  questions  intelligently,  I  will  give  a  slight  outline  of 
the  aeograpbicBl  lovation  and  sitnation  of  the  parish  of  Natchitoches.  It  Is  situate 
in  tn«  northwest  part  of  tbe  State  ,of  Louisiana,  the  greater  portion  being  inme> 
dlately  aonth  of  the  thirty-second  degree  of  north  latitude,  its  greatest  lecg^  being 
from  sontbeast  to  northwest.  It  bad  a  population,  according  to  the  census  of  ISTO,  m 
18,365.  Had  in  cnltivatiun  last  year,  or  rather  in  Ihe  previous  year  (1S7T),  in  cotton, 
23,600  acres,  and  produced  13,949  bales  of  cotton.  The  lands  are  particularly  fertile 
and  pToduotive,  yielding  the  greatest  abundance  of  the  fruits  of  tbe  earth  witb  ■ 
small  outlay  of  labor.    As  to  your  questions : 

1.  I  answer  only  for  the  parish  of  Natchitoches,  La.  Cotton  was  first  planted  in 
this  parish  about  the  beginning  of  this  century. 

2.  Theflrst  appearance  of  tbe  worms  in  tblslooality  wasin  tbe  year  ISK),  late  in  the 
autumnal  season,  anil  they  did  but  little  damage  to  the  cotton  plant.  Tbe  second 
time  was  in  tbe  year  1640,  iloing  again  very  little  damage,  and  creating  no  alarm  in 
the  minds  of  the  planters;  but  when  they  came  again.  In  the  year  1844,  they  did  con- 
siderable damage,  causing  serioas  alarm  to  those  engaged  in  planting,  making  them 
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aak  tiie  qnestion  if  it  woold  pay  to  cootiDne  the  fanBineu.  Bj^  the  end  of  tbe  mi>atb 
of  Augast  every  leaf  was  stripped  from  the  plant  aa  if  a  nlling  frost  had  fallen. 
After  this,  confideoce  was  restored  and  cotton  planted  extensively  nntil  the  year  let46, 
when  aeain  the  oiop  was  destroyed.  The  damaee  vras  considerable,  and  the  yield 
lessened  at  least  25  per  cent.  AfMr  this  no  particnlar  attention  was  paid  to  the  wonns 
nntil  after  the  close  of  the  late  war,  duce  which  time  they  hare  reduced  the  yield 
year  aft«r  year,  until  they  became  so  destructive  as  to  almost  det«r  planten  from  en- 
gaBiiK  ill  the  bugineiis. 

3.  lu  order  to  answer  this  qnestion  intelligently  I  have  obtained  the  following  facts 
in  regard  to  the  appearance  of  the  worm  from  the  year  1667  np  to  and  inclndinft  this 
present  year,  IS79. 

Satnfor  the  vtrntlluo/  Jpril,  ^ay,  June,  and  Juli/. 

Inchet.  I                                                                  lackes 

1867 29^  '  ln74 \ 17^ 

ld6S ltV»  ;  ld75 7^ 

1868 -WA     Iffffi 9ft 

1870 K^     1877 UOii, 

1871 81A     IB7ft 15K 

1873 aajj     If^TS 16j» 

1873 ^l 

As  to  the  temperature  of  the  months  of  December,  Jannary,  February,  and  March, 
Dr.  F.  Johnson  says :  "As  to  mean  temperatare  of  these  same  months,  the  variation 

Is  too  lirtle  to  bare  any  influence  on  the  qiipstion  before  yon.  Compare  jonr  notion 
caterpillars,  and  see  if  you  con  Und  any  mutual  connection  between  lemperatnre, 
rains,  and  worms.     I  do  not  think  there  are  any  satiafBCtory  bonds  of  conuectioo." 

Culerpillars  in — 
1867. — First  appeared  about  6th  of  June;  destroyed  crop  last  of  July. 
1868.— First  appeared  1st  day  of  May ;  destroyed  crop  lOth  of  August. 
1869.— Finit  appeared  20th  of  June ;  destroyed  crop  SOth  of  Angust,  partially. 
1870.— First  appeared  aoth  of  June ;  destroyed  crop  20th  of  Angnst. 
1&71.— First  appeared  15th  of  June ;  destroyed  crop  20th  of  August. 
187^— First  appeared  20th  of  June;  destroyed  crop  20th  of  August. 
1873.— First  appeared  10th  of  June ;  destroyed  crop  Ist  of  August. 
1874. — First  appeared  SOth  of  June;  destroyei)  crop  20th  of  August. 
1875.— First  appeared  BOth  of  June;  destroyed  crop  20th  of  August. 
1876.^Firat  appeared  20th  of  June ;  destroyed  crop  Isat  of  August. 
1877. — First  appeared  SOth  of  June;  destroyed  crop  20th  of  August. 
1878. — First  appeared  15th  of  June;  destroTed  crop  25th  of  August. 
1879.— First  appeared  20th  of  June ;  did  not  destroy  crop. 

4.  This  question  is  answei«d  by  the  preceding  answer  bo  for  as  figures  can,  Mid 
from  the  statistics  it  appears  that  weather  hoe  no  particular  influence  on  them.  Yon 
will  observe  that  the  months  of  April,  May,  June,  and  July  of  1869  were  among  the 

wettest  of  the  caterpillar  yean,  yet  the  crop  was  only  partially  destroyed,  and  for  the 
same  months  of  the  year  1870  we  bad  nearlv  two-thirds  leas  rain  and  the  crop  was 
destroyed  as  usual.  As  to  their  destruction  by  the  ants,  that  will  be  more  fhlly  ex- 
plained later  on.  The  plant  during  a  dry  spring  is  of  very  slow  growth,  and  may  not 
be  able  to  furnish  the  necessary  pabulum  for  the  life  aud  growth  of  the  worm.  This 
might  be  accounted  one  of  the  causes  of  a  net  year  favoring  their  development;  there 
is  more  surface  and  food  for  them  in  a  wet  spring  than  in  a  dry  one. 

5.  They  hare  frequently  been  seen  as  early  as  the  first  days  of  the  month  of  May, 
notably  in  the  year  1866,  when  they  appeared  in  great  numbersinBOme  localities,  and 
did  considerable  damage  to  the  cotton  plant.  Many  planters  were  mnch  alarmed  at 
this  earl;  appearance,  and  thought  themselves  riiinecl  again.     The  plant  was,  how- 

.ever,  yet  young  and  recovered  from  tbc  damage,  and  a  pretty  good  crop  was  mode. 

6.  Id  the  low  moist  places  when  the  cotton  is  greenish  and  more  tender. 

7.  The  insect  undoubtedly  passes  the  winter  In  the  butterfly  form,  which  is  the 
fourth  nud  lost  stage  of  their  existence.     They  belong  to  the  species  Lepiditptera,  and 

.genus  PapiUo,  and  are  the  proceeds  of  the  chrysalides  tVom  th«cat«rplllarB.  They  are 
about  serea-oigbths  of  an  inch  long,  of  a  dark  grayish  color,  not  so  pronounced  on  the 
Quder  side  of  their  wings,  with  a  characteristic  dark  circular  spot  on  each  wing.  The 
last  seen  of  the  caterpillar  in  the  autumnal  season,  when  the  crop  of  cotton  is  destroyed. 
Is  in  the  form  of  the  chrysalis,  for  aft-er  they  est  all  of  the  cotton  leaves  tbey  proceed 
to  "  web  up"  ou  any  leaf  that  will  afford  them  protection.  This  obrysHlis  produces 
the  butterfly,  which  immediately  prepares  for  hibeniatton.  It  is  tnyopi:.ion  thatthej 
seek  winter  qiinrlers  before  they  mingle  in  concourse  with  the  males,  nonce  their  eggs 
are  not  fertiliseduntilafterthevcoiuefrom  their  torpid  stalein  the  spring  of  the  year. 
They  may  lie  seeuiuthe  warm  days  of  Jauuary,  February.orMarch,  near  the  e^veaof 
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hoUBse  covered  witb  shiaglee.  or  ia  cdidcih  of  feucea  made  of  toUb  witli  the  bark  on 
theoi.  Just  before  aaoset,  aftet  one  of  these  WArm  days,  they  will  come  out  and  fly 
aroQud.  At  this  tune  tbey  do  not  posaesa  tbe  same  linllisnt  colors  tb'»t  they  do  in 
apriug  and  SDmiuer  wben  they  aie  depositing  their  eggs,  and  one  nut  perfectly 
acquainted  with  them  might  mistake  them  for  another  Bf>ei:ies.  They  therefore  pass 
the  winter  in  the  butterfly  form,  in  a  aeml-torpid  condition;  yet,  strange  to  remark, 
enpananl,  the  first  thing  seen  of  them  in  tbe  spring  of  the  year  is  the  w^^nu  itself. 

8.  First,  birds  (Avtt)  of  variuus  kinds  and  conditions  teed  mote  or  lees  on  them  ; 
among  others  J  will  mention  tbe  mocking-'bird  (Orpkeui  polnglottui  of  Linnaus).  This 
bird  teeds  extensively  oD  the  Cotton  Caterpillar  (^r«lia  xylina)  in  the  early  months 
of  its  existence ;  but  thi'y  are  not  gregrurioas,  hence  their  work  is  little  appreciated  111 
this  direction,  they  not  being  disposed  to  go  in  flocks  or  localize  or  concentrate  their 
dealnictiveiiess. 

This  present  year  ( imil)  tbe  Cotton  Worms  hare  not  deTe1o)>ed  as  rapidly  nnd  as 
nmuerouHly  a«  tbey  have  done  naually  heretofore,  and  among  other  causes  retarding 
theii  progress  has 'been  pointed  out  as  their  great  enemy  tbe  red-winged  black-bird 
(Agelaut  pliteiiiceui).  This  bird  has  been  seen  in  large  flucks  in  the  cotton-fields  very 
early  this  year.  These  birds  hsTe  been  seen  frequenting  our  fields  and  foreHls  in  great 
numliers  late  iu  the  antumnal  season,  but  have  never  been  known  here  in  tbe  months 
of  July  and  August  before.  One  planter  told  me  that  he  saw  one  fiock  of  at  least  forty 
thousand  in  the  cotton-field  '.  This  uumlier  may  have  been  considerably  exaggerated, 
but  there  is  no  question  that  they  have  been  in  the  cotton-fields  during  these  early 
moBlhs.  July  and  AogUBt,  in  verygreat  quantities,  such  as  have  never  been  seen  befow. 
I  have  been  informed  that  they  feed  upon  the  worms  in  three  of  their  forms,  the  butter- 
fly, caterpillar,  and  chrvsalis.  These  birds  should  be  protected  and  permitted  to  build 
their  uests  undisturbeit  liy  the  hunter's  shot  or  idle  boy's  hand.  Many  other  solitary 
birdu  feed  upon  ibem,  but  their  work  is  not  appreciated. 

As  to  quadrupeds,  there  are  none  known,  with  perhaps  the  single  exception  of  the 
raccoon  {Procnoo  lotor).  He  has  been  seen  feediuE  on  them,  and  planters  inform  me 
that  they  have  seen  the  tops  of  the  stalks  bent  ana  broken,  evidently  the  work  of  the 
coon  in  search  of  the  caterpillar. 

Insects.  Ants  (family  t'ormicida,  order  Hj/menoptara)  have  always  been  looked  upon 
as  one  of  the  most  inveterate  enemies  of  the  Cotton  Caterpillar,  destruotive  to  them 
ii^  all  of  their  four  different  forms.  Thay  will  detach  tbe  egg  frnni  the  leaf  and  bear 
it  ofl  to  their  formicary;  attack  and  kill  the  worm  either  in  its  active  eating  state  or 
when  under  the  torpidity  of  tbo  seconder  chrysalis  state,  and  if  it  is  possible  for  tbem 
to  capture  a  butterfly  it  shares  the  same  fate.  It  may  be  owing  to  tneir  inability  to 
procreate  and  move  about  durius  wet  weather  that  tije  worms  are  enabled  to  escape 
their  depnMlatioBB.  Itis  a  wetl-Known  fact  that  the  female  act  is  winged,  hence  it  is 
plain  to  oe  seen  that  wet  weather  will  considerably  interfere  with  their  proper  func- 
tional office.  Tbe  female  ants  are  furnished  at  their  exclusion  with  two  pairs  of  wings, 
which  at^r  swarming  iu  concourse  with  the  males  they  almost  immediately  cast. 
The  otQce  of  the  perfect  or  winged  female  is  to  provide  a  constant  supply  of  eggs  for 
the  maintainanoe  of  the  population.  B»iny  weather  can  therefore  keep  the  female 
ant  "  cribbed,  cabined,  and  confined"  to  her  prison  life;  if  she  is  permitted  to  venture 
forth  it  is  possible  for  her  to  be  loat  in  the  storm.  The  suberabundant  surface-water 
remaining  after  heavy  rains  wilt  greatly  impede  the  active  operations  of  the  "nen- 
ters."  or  working  ants,  whose  oflSce  it  is  to  supply  and  protect  the  colony. 

The  wasp  (p^nns  Vttpa,  order  Hymenoplera)  attacks  the  worm,  and  will  carry  them 
off  to  feed  their  young,  uml  should  they  be  bo  unfortunate  as  to  drop  one  on  the 
ground  en  roste,  tbe  ants  will  be  certain  to  pick  it  up. 

There  is  a  smalt  ohiuch- bug  constantly  found  on  the  cotton-plant  leaf,  which  un- 
doubtedly feeds  on  the  ova  or  eggs  of  the  butterflies.  They  are  not  numerous,  how- 
ever, and  are  too  small  and  insignificant  to  do  any  great  amonnt  of  damage  or  inter- 
fere materially  with  tbe  rapid  increase  of  the  worms. 

9.  The  only  effort  ever  made  in  this  parish  to  destroy  the  butterflies  has  been  by 
fires  Bt  nigbt.  They  are  easily  attracted  by  the  "glitter  of  a  garish  flame"  at  night, 
and  great  quantities  can  be  deatro}  ed  in  this  manner.  It,  bowevor,  requires  concert 
of  action  on  the  part  of  a  large  number  of  plantera,  which  has  never  been  done.  As 
to  attractino;  them  by  sugar,  Ac,  it  is  generally  believed  that  the  butterflv  does  not 
take  nonrisnment  during  its  short  life,  or,  if  it  does,  tbe  quantity  is  too  small  for  them 
to  be  snccessfulty  poisoned. 

10.  They  will  be  attracted  only  by  the  tishts. 

11.  I  do  not  know  of  any  flowers  that  wul  attract  them.  They  are  not  seen  on  anf 
Other  plant  than  the  cotton. 

IS.  Nothing. 

13.  Nothing. 

14.  Vint,  as  to  the  plant :  If  the  mixture  is  pnt  on  too  highly  concentrated  it  will 
]U11  leaves,  blooms,  and  iMlla.  Second,  aa  to  man:  When  any  portion  of  the  ootiole  la 
abraded  and  the  mixture  allowed  to  get  on  this  partionUc  place,  it  is  apt  to  oanw  lookt 


y  Goot^  Ic 
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InflanuuatioD  ft&d  Inflamniatioa  of  the  neigbboriQe  tympbatio  glands;  no  case,  how- 
ever, to  Rif  kuowledKe.  has  ever  been  koowo  to  resnlt  serioaHly.  Third,  an  to  anlmala : 
I  tnonr  notbin^  of  any  geriona  accident  to  them. 

15.  Tbe  best  method  yet  tried  ia  the  application  of  (he  Paris  greeu  aaspeudcd  in 
water,  1  pound  to  40^alloTia.  The  Paris  green  being  the  arsenite  of  copper,  it  is  not 
■olnble  in  ivater,  and  when  the  two  are  mixed  the  Paris  green  is  only  saspended ; 
hence  it  is  fleoeeswy  tu  keep  the  niisture  constantly  agitated,  otherwise  some  portions 
will  be  stronger  tliAii  others,  and  will  iu  that  case  be  apt  to  injure  the  plant. 

The  nioUe  of  applying  it  differs  according  to  the  means  of  the  planter  nsing  the  poi- 
MD.  Many  persons  inake  brooms  of  the  Mayweed  (Anllumii  cotalaj,  which  are  handy 
•nd  very  conTonient ;  others  nse  the  common  garden  watering-pot  with  the  perfomt^d 
.  nozzle,  which  is  expeditious.efficacionB,  and  at  the  same  time  inexpensive.  The  beat 
mode  yet  found  ia  with  the  founlain-pnmp;  with  this  the  work  can  be  accompIlBhed 
with  neatness  and  dispatch  without  wetting  the  clothes  of  the  one  applying  it.  The 
poison  most  be  applied  just  after  the  worms  are  batched  and  begis'  to  craw],  other- 
wise it  will  be  too  late.  It  requires  careful  looking  to  find  the  <rorms  at  this  staze  of 
their  existence.  Four  or  Hve  days  after  the  biitterfiy  emerges  from  the  ctuysnlides 
•he  begins  to  lay  her  eggs,  on  the  under  side  of  the  leaf,  and  after  about  the  same  time 
the  eggs  begin  to  hatch ;  then  luok  carefully  under  the  leaf  in  the  locality  where  yon 
expected  to  find  them,  and  almost  to  a  certainty  they  are  there.  In  orcter  to  lietter 
And  them  every  planter  should  provide  himself  with  a  small  magnil^ingelass,  which 
will  cost  him  only  about  twenty-five  cents.  This  sammerl  haa  in  my  office  one  leaf 
from  the  cott«u  plant,  and  on  it  there  were  ten  worms  and  in  it  at  least  one  thousand 
holes,  yet  on  banding  it  to  several  persons  they  failed  to  see  either  caterpillars  or  holes 
until  they  were  pointed  ont  to  them. 

By  request  I  received  tbe  following  letter  fromoueof  our  Inrgest  plant«rs: 

Natchitoches,  La.,  Srpiember  S6,  lti-9. 

Brar  Sir:  In  1876 1  experimented  with  arsenic  to  destroy  caterpitlars.wilh  tbe  fol- 
lowing result ;  I  took  one  ponnd  of  16  ounces  of  commercial  arsenic,  which  coat 
ftl>outli5  cents  per  pound,  dissolveil  it  by  boiling  in  H  gallons  of  water ;  after  it  whs 
dissolved  replaced  Ibe  quantity  of  water  lost  by  evaporation;  with  this  H  gailons  I 
went  to  work.  1st.  Put  2  gallons  of  tbe  solution  in  a  pork-barrel  of  water,  say  'SS  gal- 
lons, eprinkledtworowsof  cotfon;  result  of  this  application  was  death  to  both  cotton 
and  worms,  -id.  I  then  used  H  gallons  to  the  barrel  of  water:  same  result  to  the 
worms,  cotton  badly  scalded.  3d.  I  than  took  one  gallon  of  the  solution  and  put  i(  in  a 
barrel  of  water;  this  time  iny  solution  seemed  to  he  aiittje  too  strong,  but  d«d  no  per- 
cepiiblo  injury  to  the  plaut;  the  leaves  retained  their  color  except  iu  places.  A  fourth 
application  of  three-quarters  of  a  gallon  of  11ie  solution  to  a  barrel  of  water  was  tried 
and  found  of  snfficient  strength  to  kill  the  worms  and  not  damage  the  plant.  These 
eiperiments  were  made  at  the  same  tiiuB  Paris  green  was  applied  to  the  balance  of 
tbe  cotton  on  the  plantation,  none,  however,  being  used  when  tbe  araenio  woe  ap- 
plied. The  rows  in  which  the  last  two  applications  were  made  (t.  a.,  1  gallon  and  t 
gallon  to  the  barrel  of  water)  the  cotton  lived  and  bloomed  about  three  weeks,  at 
which  time  the  worms  destroyed  all  of  the  cotton  on  the  plantation. 
Respeotfnlly, 

H.  B.  WALMSLEY. 

Dr.  GxoROE  E.  GiLLEBPii. 

The  Paris  green  has  been  sold  in  this  market  for  (1  per  oonud,  but  it  can  now  be 

'      "     '        "'  '  "s  per  pound.     It  is  calculated  thai  '' "  "  ' 

iwever,  if  the  application  is  mskde 
Most  planters  think  that  $1  per  ai 


Bespectfnlly, 

GEO.  E.  GILLESPIE,  M.  D. 
C.  V.  RiIJiT,  Chiif  U.  S.  E.  C. 

Jackbok,  Miss.,  Stftftkber — ,  1879. 

In  answer  to  some  of  the  questions  of  your  circular  No,  T : 

4.  Warm,  wet,  and  cloudy  weather  favors  the  appearance  and  reproduction  of  the 
Cotton  Caterpillar. 

5.  Never  have  known  them  to  apjiear  in  the  spring  wheu  June  and  July  have  been 
wet;  the  1st  August  is  about  the  earliest  period  in  this  locality. 

(i.  In  cotton  of  the  largest  growth  without  regard  to  the  situation. 

T.  Observation  has  ieil  me  to  believe  that  the  worm  in  none  ofitsfonnsfives  ibrongb 
•ur  winters  in  this  locality,  and  also  form  an  opinion  iu  direct  variance  with  aoience 
OS  taught  in  the  schools.    I  have  attemptetl  to  nrroat  their  incteaae  when  only  a  few 
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b*dm»de  tbeirAppearancebydeBtroyuiKby  baud,  bat  withoDtBaoceaa;  for  Buddeoly, 
without  the  poBSlbllit;  of  HU^an  increase  b;Tepn>dDotioii,tliey  would  appearmaoda 
nambera  aa  «>  destroy  evecy  leaf  In  two  or  three  days.  Again,  in  another  ingtajiM, 
when  no  worms  were  in  tbis  oeiehborbood,  four  daya  aftw  a  dili(;eut  and  oarefltl 
•eaich,  when  uo  sign  of  them  could  be  found,  the;  suddenly  appeared,  and  in  threa 
days  not  a  cotton  leaf  could  be  fonnd  in  my  field  except  about  one  acre  near  the  mid- 
dle of  it,  which  was  planted  much  later  than  the  rest,  not  aleaf  of  nhioh  they  touched, 
■Ithongli  some  of-tbe  branched  interlocked  ;  hut  some  weeks  afteiwaida,  when  thia 


patch  of  ooLton  had  anived  at  the  same  stage  of  growth,  it  nas  also  Mripned  of  ila 
leaves  as  the  other.  In  aU  mj  observation,  the  woim  when  it  has  exhaostea  the  sup- 
p^  of  cotton  leaf  tt>iI2  «al  notiing  tlte,hat  crawls  up  on  the  weeds,  bnahes,  and  fences. 


and  dies. 

8.  From  this  experience,  oonneoted  with  the  facts  of  their  irregular  apnea , 

that  only  under  tbosame  conditions  of  wet,  warni,  and  cloudy  weather,  which  is  always 


unfavorable  for  a  healthy  growth  of  the  cotton  plant,  and  that  the  worm  never  ap- 

CTB  in  the  spring  or  early  summer,  at  least  not  lu  anoh  nambera  aa  fo  be  noticea; 
power  of  qnick  reproduction  ;  its  total  absence  from  the  cotton  plant  at  that  time 


when  it  could  not  escape  detection ;  and  the  temperature  of  May  and  June  always 
high  enough  for  the  development  of  the  worm  through  all  it«  forms,  leads  me  to  believe 
that  the  Cotton  Caterpillar  is  the  spontaneoue  productinn  of  diseased  cotton  plants. 
9.  All  efforts  todeatroy  and  stop  the  proffreBa  of  the  worm  when  th^ ---  '~ 


Yonr*,  very  respectfiiUy, 
Prof.  C.  V.  EiLEY. 


my  expeneao* 
H.  0,  DIXOH. 


Labisba,  Cherokee  Codktt,  Texas, 

October  13,  1ST9. 
In  answer  to  your  4th  inquiry,  viz :  "  Do  wet  or  dry  aummera  favor  Ita  mnltiplioa- 
tionT"  I  would  auawer  that  abont  ten  years  ago  the  He  v.  N.  A.  Davis,  now  of  Jack- 
BouviUe,  in  thia  county,  suggested  to  me  the  probability  that  the  small  red  or  brown 
ant,  abundant  in  theSonth,  wasthenatoralenemyof  fhe  Cotton  Worm,  and  especially 
effective  daring  dry  summers.  After  two  aummers'  observation,  I  was  convinced  of 
the  truth  of  the  reverend  gentleman's  conclusions.  Uis  opinion  and  two  years'  obser- 
vallon  Induced  me  to  write  the  following  to  one  of  onr  county  papers ; 

THE    COTTON   WORM   (1371). 

"  The  danger  from  the  Cotton  Worm  U  now  over  and  we  may  review  the  history  of 
its  depredations  during  the  sammer.  Only  a  few  fanners  have  suffered  save  In  the 
anxiety  which  they  have  felt  during  the  msraration  of  their  cropa.  If  you  recollect, 
the  woi'm  was  worse  doriug  the  few  weeka  following  the  rainv  season ;  and  aa  the  dry 
season  aluee  advanced,  the  worm  gradually  receded  and  tne  hope«  of  the  farmer 
revived.  The  first  generation  of  these  troublesome  iusects  appeared  to  hare  taken 
place  in  the  wett«st lands  eariy  in  thespring,  and  it  was  abont  the  second  generation 
that  menaced  the  cropa.  Wet  weather  favora  the  increase  of  the  worm  and  dry 
weather  soon  destroys  it.  This  observation  has  been  mode  by  many  farmers  long  ago. 
A  similar  olwervation  has  longaincebeen  made  in  regard  to  the  Cotton  Louse.  Early 
in  the  spring  (when  the  cotton  is  in  its  flmt  aud  second  leaf),  if  the  weather  is  rainy, 
the  louse  soon  covers  the  tender  cotton  plant  and  threatens  to  destroy  It.  But  when 
the  dry  season  supervenea  the  tittle  insect  diaoppears,  and  the  plant  soon  recoveta 
from  the  mischief  Towhat  shall  we  attribute  the  dioappearanoe  of  the  insect  in  both 
oases  I  It  Is  evidently  due  to  that  little  predatory  and  almost  omnipotent  ant  which 
retreats  to  its  hole  and  gathers  in  targe  bunchea  in  dry  places  dnrins  the  rainy  sea- 
sons ;  but  whenever  the  draught  seta  in,  it  climbs  the  atalk  of  every  plant  In  aearch  of 
"  '  and  deala  death  aud  deatrnction  among  inseota  in  the  $rawl- 


proj 


crop,  nnleaa  the  dry  weather  cornea  and  the  littlu  ant  beEina  to  milk  the  cowa{the  liot 
are  called  'ontoowa')  byclLmbing  up  to  them  and  striking  them  with  their  hands, 
aud  eating  a  fluid  which  ia  made  to  exude  from  them  by  the  coucuaaion.  This  proceat 
soon  doatroya  them.  Then,  at  a  later  aeaaou,  especially  if  the  aut  is  driven  to  its  shel- 
ter by  rains,  the  Cotton  Worm,  having  Inareased  to  adan^roub  extent,  threatens  ths 
more  mature  plant.  Again  the  same  aut,  when  the  aunahine  permits,  saves  the  cotton 
by  climbing  the  atems  aud  seizing  the  flouncing  worm,  cuts  it  into  two  on  the  grouDcL 
to  which  both  have  falleu  in  the  atmggle,  and  thus  lu  a  very  short  time  It  thinned  oai 
the  worm,  either  destroying  or  holding  it  lu  abeyance. 

"The  faJatory  of  these  two  enemies  of  cottou-growers  accords  with  the  experience  of 
observers.     The  dry  weather,  ptr  tt,  does  not  save  the  cotton  from  louse  or  worm  in 
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thefoiiDeroTlaUerMMOQonlyMitpfinnlU  the  predatoiyuiU  to  destroy  Uiem;  nor 
does  the  wot  weather  favor  the  prodnction  of  the  inBeot  only  u  it  drives  the  anta  to 
their  bo1e«.  Were  it  not  for  the  ant  the  cotton  plant  would  never  make  the  fiwt  limb, 
or,  escaping  this,  could  not  mature  a  eingle  boll  on  acconnt  of  its  teoood  enemy,  the 

"Then  let  ns  cnrse  the  little'  biting  ant  no  more  when  we  happen  t«  get  ■  shoe 
fhll,  bnt  Temember  that  we  arc  indebtM  to  th<8  diminntive  creature  for  every  thread 
of  cotton  that  has  gone  into  the  commerce  of  the  world." 

Tbne  you  see  that  abont  t«>n  years  ago  the  Bev.  V,  A.  Davis  informs  me  of  his  dia- 
eovei^  of  the  destruction  of  the  Cotton  Worm  by  the  ant  j  to  which  I  have  added  tb« 
additional  fact  of  the  destruction  of  the  Cotton  Lonaeftarlierin  the  season  by  the  same 
ant.  The  obBervation  of  each  succeeding  year  since  that  time  haa  oonflrmed  me  in 
the  opinion,  and  our  last  summer,  the  driest  I  ever  saw,  yielded  no  apecimena  of  th« 
worm  or  louse  within  my  observation.     Please  obtain  the  taofanioal  nune  of  incloeed 

Yours,  reapectfnlly, 

P.  L.  TOAEUM. 


PXBIIT  COONTT,  Alabama,  S^Umitr  17,  1879. 
I  be|c  leave  to  offer  the  foUowioff,  in  answer  to  your  questions  in  regard  to  the  bab- 
its  of  the  Cfitt-on  Worm,  and  the  beet  modes  of  ilestroyinK  the  same : 

1.  I  can  Teroemlxir  aeeJne  cotton  ^wn  as  far  back  as  Ir^  in AntangaCoanty,  Ala- 
bama.    Since  1^2  1  have  been  cultivating  the  plant  in  Perry  County,  on  sandy  land. 

2.  In  18S7,  about  the  middle  of  September,  waa  the  'earliest  I  ever  saw  them.  No 
damMte  of  any  consequeuce  afterwards  until  1866. 

3.  £  my  opinion,  the  worms  are  worse  after  a  severe  winter.  I  anpnoee  i,t  ia  b»- 
eanae  they  come  out  oftenei  daring  mild  winters  and  are  conanmed  by  the  birds. 

4.  Hot,  dry  weather  seems  to  l>e  the  life  of  them. 

E>.  The  20tti  June  is  the  earliest  I  have  noticed  them,  bnt  doing  no  serious  damage 
until  20th  July. 

6.  They  invariably  make  their  appearance  flrst  in  tbe  low,  black  lands  of  West 
Perry  County. 

7.  They  hide  themselves  in  old  bams  and  rotten  trees  during  the  winter,  coming  ont 
in  the  afternoon  of  warm  days. 

6.  The  appearance  of  the  worm  does  not  seen)  to  attract  any  kinds  of  birds  to  oar 
fields,  bnt  all  domestic  fowls  devour  them  ravenously,  as  do  alao  bogs  and  ants. 

y.  There  has  been  no  method  adopted  for  destroying  the  moth  anooeMfnlly. 

10.  They  are  attracted  in  larger  numbers  by  decayed  fruit  of  almost  any  kind  than 
by  anything  I  know  of  (duriug  night). 

13.  Paris  green  seems  to  be  the  most  reliable  mode  of  destroying  them,  though  soma 
of  my  neighbors  have  used  London  purple  with  good  effoot. 

14.  It  is  dangerous  to  men,  animus,  and  cotton  when  used  with  indiscretion. 

16.  I  have  nsed  kerosene  oil,  one  part  to  thirty  parts  Water,  effectnally,  and  apirita 
of  tnipentine  will  do  shout  as  well.     I  believe  pine  sawdnit  sown  li^AUy  with  tbe  ae«d 
would  hn  a  pKventive. 
Yours,  &.C., 

O.  H.  PERRT. 
Prof.  C.  V.  Bn.ET. 

Waltxrbosouoh,  Collbton  Couktt,  Sodth  Cakouna, 

Seplenbtr28,  1379. 
I  mail  yon  this  day  my  report,  as  requested  by  yon  in  cironlarNo.  7.    Thisreportia 
not  OS  full  OS  one  I  made  last  year  tr  ''--  " ' *  >—.—>--.  •  l -m^  r — a^a 


JAMES  W.  GRACE. 
C.  V.  RiLBT,  C*i<f  U.  S.  B.  C. 

1.  Cannot  state  from  any  reliable  authority,  but  cotton  was  grown  aoou  after  tits 
settlement  of  the  conntv,  for  domestic  purposes. 

3.  As  early  as  1793  the  worm  swept  over  the  State,  but  it  is  flrst  reeorded  in  thta 
dlctriet  in  IBOO  as  prevatllng  generally. 

3.  The  worm  is  moat  to  ha  dreaded  after  a  mild,  warm  winter.  Ha  will  mak«  Ua 
^pearance  sooner  in  the  following  season. 

i.  Wet  summers  by  all  means  fkvor  its  multiplication. 


^dovGoot^lc 
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5.  Tint  of  June. 

6.  In  wet,  low  BpoU  where  the  plant  grona  Iniuriant,  the  plant  being  succulenl:, 
soft,  and  pnlpf . 

7.  I  believe  tbftt  It  ia  k  peonliar  poraaite  of  the  cotton  plant,  and  as  snch  that  the 
cryptic  germ  of  the  inaect  lat«befoDDd  with  the  genu  of  the  plant  it  self,  and,  like  all 
paraaite*,  onl;  leqaireafaTorabUolroamettiueea  to  develop  it ;  a  soft,  palpr,  aodlai- 
ari»ut  state  of  the  plant,  with  coo)  and  clondy  weather  at  the  time  of  lt«  nutnral  ad- 
vent— that  is  to  say,  from  earl;  in  June  to  middle  of  Jul; — will  cause  it  to  develop 
Tigoronsly  and  bud  rapidly,  ao  a«  to  produce  aeasoua;  nherean  dry  Jnne  and  hot 
weather,  oanainK  a  bard,  di?  state  of  the  leaves  and  matore  cocdition  of  plants,  far- 
nisbing  bnt  little  and  poor  food,  will  result  in  a  poor  and  feeble  brood,  too  inactive 
to  do  harm.  This  theory  is  borne  oat  by  the  following  facts:  The  Cotton  Wonu  is 
found  everywhere  on  the  globe  where  cotton  is  planted]  and  only  fbnnd  on  the  cotton 
plant.  The  worm  will  starve  if  the  cotton  plant  fails,  though  other  vegetation 
■bonnds.  When  the  plant  is  pushed  on  so  as  to  grow  and  mature  rapidly,  the  leaves 
being  bard  and  dry  in  June,  as  was  nsual  before  tbe  war,  we  hear  nothing  of  the 
worm ;  but  when  cnltivation  in  bad,  the  plant  backward,  and  wbeu  June,  tlfe  time  of 
its  natnral  development,  comes,  the  worm  finds  tbe  cotton  (as  since  the  war)  green, 
sappy,  and  soft ;  Ihen  does  it  rejoioe  in  wholesome  food,  inciease  rapidly,  multiply,  and 
mate  itaelf  a  aoonise. 

I  do  not  believe  tnat  the  worm  is  migratory  and  returns  to  us  from  a  warmer  climate 
every  year, for  it  can  be  found  every  year  in  smallaumbersif  sought.  I  cannot  admit 
tbls  view,  aa  1  have  seen  it  300  miles  from  the  coast  at  an  elevation  of  1,500  feet,  in 
the  northweatem  comer  of  this  State,  in  the  month  of  Jane,  and  observed  it  there  till 
the  fields  in  August  were  totally  destroyed,  flow  could  I  believe  tbat  it  got  there  by 
migration  or  was  carried  by  currents  of  air  ?  Nor  can  I  believe  that  it  hibernates 
■Tonnd,  as  under  old  fences,  on  the  south  side  of  stumps,  &,o.  \  as,  first,  our  winters 
are  too  severe  to  render  such  a  euppoaillon  plausible;  and,  again,  since  the  late  war, 
no  fences  exist  to  give  sach  shelter  on  the  islands  of  oar  coast,  where  the  worm  most 
prevails,  and  the  unlveiasl  flres  that  pass  every  fait  over  woodlaud  and  cleoringa 
would  effectually  flestro;  any  moths  or  ohrysalids. 

Therefore  it  ia  clear  to  my  mind  that  it  is  a  peculiar  parsisite  of  the  cotton  plant, 
and  the  cryptic  germ  of  the  insect  Is  to  be  found  with  the  germ  of  the  plant  itself. 

Last  year  I  made  a  very  fnll  report  of  this  matter,  and  am  sorry  to  learn  that  it  was 
made  no  use  of,  and  probably  consigned  to  the  paper-mill  without  being  read. 

8.  Almost  all  birds,  ench  as  tbe  mocking-binl  and  others,  seem  to  Iw  fond  of  the 

9.  Paris  green  is  the  ont.v  thing  that  I  have  seen 
field.  The  latter  is  useless.  Paris  green  is  good,  i 
will  destroy  them. 

10.  I  should  say  near  tire-stands. 

11.  I  don't  know  of  any. 

12.  NofhinK. 

13.  There  has  nothing  been  fonnrt  better  than  the  Paris  green  to  destroy  the  worm. 

14.  1  have  not.     With  care  there  is  no  danger  to  man  orheast. 

15.  Good  cultivation.     Push  tbe  plant  earlir  in  tbe  season. 

16.  Tbe  coat  of  keeping  a  eood  man  nod  paying  and  ree<ling  good  hce-bsnd,  and 
this  is  tbe  best  menus,  and  toe  cost  ia  not  very  much. 


Jamestown,  Alachua  County,  Florida, 

September  IS,  IBm 
In  answer  to  your  circular  questions,  the  following  is  respectfully  submitted: 

3.  Tbe  worm  is  most  dreaded  after  mild  winters. 

4.  Much  rain  in  June  and  July  seems  to  favor  their  development;  bnt  the  character 
of  the  rains  in  those  months  in  this  section  are  short  but  frequent  showers,  with 
bright  sunshine  between  showera.  The  writer  has  come  to  the  conclusion  from  some 
ob^rvation  that  continued  cloudy  days  are  nnfavorable  to  the  development  of  the 

1  these  reasons  are  given  :  Continued  cloudy  days  are  unfavorable  to  the 


hatching  of  the  eggs;  the  sunshine  seems  to  be  needed  with  its  greater  heat. 

•      ■  ■■  'rthcfliesormothswillbeonlhewiogthre     ■-    ---■■^ ..l_, 

,;  the  birds  anil  mosqnito-hawks  lietteroppo 
such  weather  the  wonna  stay  on  the  top  side  of  the  leaves  throughout  the  day,  and 


cloudy  weather  thcfliesormoths  willbeon  the  wing  threughontall  noarsof  the  day, 
"'    reby  giving  the  birds  anil  mosqnito-hawks  lietter  opportiiuities  to  catch  them.    In 


sequeotly  are  more  readily  seen  and  caught  by  their  rnemiesj  while  in  hot,  fair 
weather  the  niolb  is  concealed  during  tbe  day,  and  does  itj  work  in  the  twilinht  and 
at  night,  when  the  birds  and  other  enemies  are  at,  rest.  The  worms,  too,  of  the  first 
crops  seem  to  work  or  eat  only  in  early  and  late  parts  of  the  day,  and  probably  at 
nignt;  generally  from  8  or  9  o'clock  a.  m.  till  4  or  5  o'clock  p.  m.  they  will  be  found 
qniet  on  the  nnder  side  of  the  leaves.     It  is  the  brfief  of  the  writer  that  continned 
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rains,  with  clondj  days,  aie  onfavontble  to  the  IncresM  of  th«  wonn;  elondy  dftji 
even  withont  rain,  are  anfavorable. 
6.  Hare  never  seea  the  worm  earlier  thtui  Jone. 

6.  Qenerall;  is  anea  first  in  moist,  rich  spots,  where  the  cotton  giowi  npidlr. 

7.  Have  seen  the  moths  at  various  times  dnring  the  wiiLt«T  aa  "  candle-flies.''    I 


8.  AlmMt  all  doiaestic  fowls  will  eat  the  worm.  Qeese  will  eat  them  to  aome  extent, 
while  chiokeDS,  tnrlieys,  and  gain ea-fowla  will  grow  &t  on  them.  Almost  all  wildbiids 
will  eat  them,  and  a  Jarge  wasp,  both  black  and  red  varieties,  seems  to  be  fond  of  tbe 
worm.  In  this  sectinn  there  are  great  nnmbers  of  a  lace- winged  fly,  commonly  called 
moegnito-bawks.  Theso  are  of  varioos  sixes  and  colors,  and  are  very  expert  in  catch- 
ing tee  moth  on  tbe  wiiig.  I  believe  this  mosqnito-bawk  is  very  inflnential  in  pn- 
venting  the  ptognw  of  the  worm. 

WbiFo  on  this  auestiou  I  would  like  to  atate  that  It  is  my  opinion  that  mnch  good 
conld  be  accomplished,  and  probably  many  fields  might  be  saved,  if  birds  that  are 
ineectivorona  could  Le  domieiW  itflthe  field.  From  what  I  have  heard  of  the  Eng- 
lish sparrow  it  occurs  to  me  that  this  wonld  be  the  bird  for  the  parpose.  If  bird- 
honees  are  located  in  various  parts  of  the  field,  tbe  Ulrds  would  naturally  hnnt  Car 
insects  near  their  homes,  and  tbe  consequence,  I  tbiok,  woold  be  that  In  all  cotton 
fields  well  euppliml  with  these  birds  the  caterpillar  wonld  be  kept  down.  If  (he 
English  sparrow  can  be  domiciled,  that  is,  will  stick  to  its  house  and  feed  around,  it 
conld  be  made  of  great  benefit  to  tbe  cotton  region.  The  suggestion  is  offered  tot 
your  considerstioD. 

Very  reepect  fully, 

F.  M.  McMEEKIN. 

C.  V.  BiLEY,  Chiff  U.  A  E.  C. 

Sak  Antonio,  Tkx.,  5fl/»(«sti«r  11,  1979. 

I  eliall  not  answer  your  questions  ns  I  find  them  in  the  Herald  of  this  city,  for  I  pre- 
snme  there  will  be  plenty  of  answers  for  you.  My  object  is  testate  a  fact  l)earingon 
the  Cotton  Worm.  1  planted  cotton  in  the  State  of  Kueva  Leon,  Mexico,  five  leoKnes 
below  the  city  of  Monterey,  in  1867.  Cotton  had  never  lieen  planted  at  the  place, 
nor  nearer  than  200  miles  to  it,  in  this  world's  history.  I  brought  the  seed  from  San 
Antonio,  Tex.,  tbe  ordinsry  Petit  Gnlf  seed.  Tbe  genniue  Cotton  Caterpillar  ap- 
peared in  the  last  days  of  May,  and  by  the  end  of  Juue  ate  up  tho  crop.  In  the  city 
of  Monterey,  at  tbe  siinie  time,  1  planted  in  my  garden  (a  large  one)  two  patches  of 
cotton — oue  tbe  Texan  sceil,  the  other  tbe  black  srred  of  the  Sea  Island  genus,  that  is 
generally  planted  in  Mesico.  The  distance  between  the  two  patches  was,  say,  200 
yards.  I  received  a  note  from  my  partner  at  the  hacienda  below  Monterey,  about 
10  o'clock  in  the  morning,  telling  me  that  be  had  discovered  the  worm  in  the  cotton 
field.     I  at  the  moment  passed  Into  my  garden  aud/oHad  ttievxrrm  in  both  paldici. 

Now,  tho  question  is,  where  did  they  come  from  I  The  egg  or  germ  could  not  hftve 
been  in  the  seed,  as  the  butterfly  cannot  reach  the  seed  to  lay  her  eggs,  and  the  gin 
would  have  destroyed  them.  I  assert  that  tbey  could  not  have  l>eon  blown  there,  or 
have  remained  deposited  in  the  earth  from  the  creation  thereof;  yet  tbey  came.  The 
weather  was  showery,  hot,  sultry,  and  between  showers  a  hot  sun.  I  haveplanteil  cot- 
tou  alt  toy  life;  have  noticed  the  worm,  and  have  always  found  them  to  come  after  suclt 
weather  as  I  'leBcribe.  When  you  walk  between  the  rows  after  a  shower,  and  a  sort 
of  hot  steam  vapor  comes  up,  then  took  out  for  the  butttHUy.  I  also  planted  cotton 
in  the  lasana,  or  Bio  Nazaa  country,  ia  the  State  of  Dnrango,  Mexico,  in  l8TJ-'74- 
'75-'7<J,  where  we  plant  the  black  seed  but  once  in  five  or  seven  years;  as  a  general 
thing  the  same  Cotton  Worm  to  which  I  have  been  accustomed  in  Texas  came  every 
year ;  but,  as  there  is  but  little  rain  there,  they  seldom  come  before  September,  and 
too  1at«  to  do  much  harm.  Scientists  say  there  ia  no  original  creation  possible  now ; 
that  nil  things  of  this  world  had  their  beginning  when  it  was  made  ]  bat  J  believe 
that  the  atmosphere  created  the  genu  fight  there.     When  I  was  a  boy  there  w 


Cotton  Worms;  now  they  never  fail.  Tbeae  are  iioinls  to  which  you  are  devoting 
~~iur  tiiue,  and  so  lYaaght  are  they  with  tbe  interests  of  our  people  that  all  willwiu 
uid  you  as  they  cau  ;  and  I  write  this  to  state  a  fact,  but  which  I  know  will  add  to 


your  difficulty. 

Respect  full  V, 

H,  P.  BEE. 
Prof.  C,  V.   RiLEV.  Chief  I.  A.  F..  C. 
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SA^-  jLNTOKtO,  Tbx.,  StpUmber  S9, 1879. 

You  do  not  agree  with  my  theory,  but  It  will  bother  jou  toflud  oat  where  the  Cot- 
ton Worm  OBine  from,  uadez  the  oirconutsuceB,  aa  stated  in  my  pieTlons  letter. 

TlieM  Is  DO  cotton  growiiiE  mid  in  the  part  of  Uezico  where  I  neided,  as  there  are 
heaTj  frosts  there  every  winter ;  iD  the  tropical  region  of  the  State  of  Yam  Criu,  and 
to  the  south  large  crops  of  cotton  are  raiaed,  bnt  I  neyei  saw  a  icUij  cotton  plout. 

The  consul  at  Vera  Crus  coold,  I  have  no  donbt,  fpve  you  an  interestinK  account 
of  the  cotton  plant  in  hia  section.  I  know  that  in  the  neighborhood  of  Pa»o  dri 
Matho,  on  the  Vera  Cru£  Batlntad,  the  cotton  ia  bent  down  m  ati  to  stand  the  storms, 
and  conaeqnently  the  plant gn>ws  horisontally  insteadof  perpendicular, and  presents 
a  cnrioDS  appearanoe  when  read;  to  pick. 

Bome  ye«s  ago  tliei«  were  la^  fields  of  cotton  in  the  8t«t«  of  Coahnila,  in  the 
district  of  HonoloTft,  but  although  admirably  adapted  to  the  production,  the  Cotton 
Worm  from  enccessive  Tiaitations  entirely  broke  up  the  busineaa,  and  now  no  cotton 
is  planted  fn  that  State. 

I  planted  cotton  for  four  years  on  the  Bio  Nacaa,  or  lagnua  country,  in  the  State  of 
Duranxo.    This  is  theXile  of  Amerioa.    The  Nazas  rises  periodicAlly  (alwa^  fmce  a 


ain  stream.  SOO  miles  lo^,  finally  emeives  from  the  mountains  Into  an  immense  plain. 
The  banks  become  lower  aa  the  river  Ascends,  ontil  h;  manv  mouths  it  winds  ito 
way  into  the  lake  at  lagnna,  a  body  of  water  90  milea  long  ana  36  wide,  with  no  out- 
let— a  great  body  of  mah  water  on  an  elevation  of,  say,  3,000  feet,  in  the  midst  of  a 
great  dry  desert.  The  water  of  the  lake  is  not  ntihied,  as  the  soil  on  its  hanks  is 
poor,  uu  alluvial  deposit  or  growth  denotiug  oriifioal  formation,  but  rather  that  the 
lake  had  been  prodnoed  tliero  by  some  oonvolaiqnof  nature,  as,  if  it  were  tlie  original 
deposit  of  the  waters  of  this  great  river,  there  would  be  awampi  and  sluices  and  tlmbo' 
denoting  that  fact,  as  the  months  of  the  Bed  Biver  and  other  streams  in  Texas  and 
Louisiana.  Hm  haeiendasof  the  laguoa  begin  where  the  Biver  Naias  emerges  bmn 
the  mountains,  and  is  ntUised  by  dania  and  canals  and  ditches,  by  which  the  over- 
flow is  restrained  and  the  land  irrigated.  This  irrigation  is  aeldoiD  used  more  than 
once  a  year,  aa  the  extratodinary  character  of  the  ollnvium  deposit  of  centuries  re- 
tains moistnie  sufficient  to  produce  cropsfoi  two  years  if  necessary.  (It  seldom  rains, 
MhI  rain  ia  not  depended  on  at  all  for  crops. ) 

Cotton  is  planted  once  in  seven  years;  is  planted  with  a  hoe.  A  hole  ia  dug  from 
13  to  19  iDChes  deep,  to  the  moisture,  tlie  seed  deposited,  and  that  is  the  start,  which 
Is  expensive,  but  there  is  no  otlier  way,  as  the  moistnre  is  too  low  down  to  he  reached 
by  a  plow.  The  cultivation  is  aa  with  us:  Fiosta  kill  tho  plants,  the  stalks  are 
cleared  off  and  burned,  and  in  the  early  spring,  with  the  budding  of  the  peach  tree, 
the  cotton  sprouts,  and  gives  you  a  start  of  three  oi  four  weeks  over  seed  just  planted. 
The  "Planta  "  gives  the  best  yield  the  third  year;  gives  less,  but  a  good  crop,  the 
.  fourth  and  fifth ;  and  then  produces  as  iu  the  first  and  second  years.  The  seed  planted 
is  the  biadc  ted,  like  the  Sea  Island  and  Egyptian ;  staple  long  and  fine.  The  ^reen 
seed,  or  American  cottoQ  seed,  yields  tlie  first  year  better  than  the  black  seed  will  on 
the  third  year,  bnt  ns  that  seed  will  not  mttoon  or  grow  again  from  the  roots,  and  the 
expense  of  planting  is  so  great,  it  is  not  generally  used.  Cotton  produces  a  bale  to 
the  acre ;  com  and  wheat  most  extraordinary  crops  in  these  rich  nlluvials. 

Cotton  is  planter)  at  Santa  Bosalie,  in  the  State  of  Chihuahua,  but  not  to  a  great 
extent;  the  climate  iealmost  too  cold.  Thisgivesyouall  the  information  I  have  about 
the  cotton  region.  With  the  exception  of  the  Nazas  and  the  Santa  Bosalie,  no  cotton 
is  grown  in  Mexico,  except  in  the  tropical  regions  of  the  Atlantic  and  Pacific  coasts, 
aa  the  rest  of  Mexico  is  generally  table-land,  with  an  altitude  of  &om  3,000  to  7,000 
feet,  and  a  temperature  too  low  for  delicate  vegetation. 

There  is  a  moontain  in  the  center  of  this  vast  alluvial  plain  of  the  lagnna.  In 
caves  in  this  monntain  are  to-day  the  bodies  of  au  extinct  race  of  Indians,  of  whose 
existence  in  this  plain  there  is  no  history  extant.  The  bodies  or  miunmios  I  have 
seen ;  they  are  wrapped  in  a  species  of  cloth  or  matting  made  from  the  maguet, 
painted,  and  all  in  good  preservation :  the  skin  has  dried,  the  hair  is  perfect;  all  in 
Wonderml  preservation.  No  iron,  gold,  silver,  or  other  metal  has  been  found  in  tha 
eave.  Pottery  ware,  of  the  same  shape  as  the  pictures  we  see  of  the  old  Egyptians, 
arrow-heads,  and  spear-heads  of  flint.  It  really  is  remarkable,  and  induces  uie  beliel 
that  some  sudden  overflow  of  the  river  submerged  the  plain  and  drowned  all  the  peo- 
ple ;  thev  were  evidently  used  to  high  water,  as  they  bntied  their  dead  in  the  cavea 
of  the  high  mountains.  There  are  thousands  of  mummies  lu  these  oaves.  Excuse 
this  long  letter. 

Yours,  respectfully, 

■  H.  P.  BEE. 

Prof.  C.  V.  RiLBT,  CM^  U.  S.  E.  G. 
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EiRKWOOD,  M1B8.,  Sepitmitrb,  ltf79. 

1.  The  cultivatiou  of  cotton,  1  am  Informed,  wm  cootkI  witb  iheMttlement  of  Um 
Gonntrj.     I  settled  here  in  1B4&  *nd  found  cotton  cultivated  alt  over  the  connty. 

2.  The  Boll  Worm  haa  been  an  annual  viiitor  rince  the  flnt  cotton  ttbm  planted, 
deetroyinE  more  or  leaa,  according  to  the  oharactnr  of  the  aeaaon.  Though  1  had 
beard  of  the  Tiaitatloa  of  Aletia  preTioaitly,  I  firat  observed  it  in  1858,  thongh  it  did 
bnt  little  damage  to  oropa  that  year. 

3.  It  is  more  dreaded  after  a  mild  winter,  bnt  its  TiaitatioDB  do  not  anem  to  be 
inflneuoed  more  b;  one  than  the  other ;  that  iit,  they  are  as  ofti'n  seen  after  raie  as  the 

4.  Cannot  Bay  that  a  wet  season  faYorsit^mDltiplioatioD.  TheyareneTerdeTeloped 
during  hard  rains  or  oontinned  wet  spells.  Their  propagation  seems  to  depend  apon 
■bowery  weather  creating  atmospheric  dampness,  and  a  high  mean  temperature.  Dry 
weather  is  unfavorable  to  their  prodnctiou  or  increnae. 

5.  The  last  week  In  July  is  the  earliest  period.  Have  often  found,  what  ia  here 
called  the  graes  worm,  as  early  as  May,  eating  both  graaa  and  cotton. 

6.  Its  first  appearance,  iQ  my  obserratlon,  is  alone  hill-sjdea  where  moiatare  is 


.  About  the  middle  of  la«t  November,  and  after  several  severe  froete,  I  found  la^ij 
chrraalldes,  of  the  laat  brood,  on  bare  cotton  stalks,  living  and  lively.  1  placed  thoM 
with  others,  previously  bronght  in,  in  glaas  Jars  and  boxes  with  eaKh  and  rabbish, 
exposed  to  onter  air.  -  Between  the  16th  and  ijOth  of  January,  after  a  severe  freeze  of 
•everal  days'  continuance  in  Deoember  and  January,  a  tinuber  of  living  motha  came 
forth,  in  a  warm  spell  then  prevailing,  but  soon  died.  On  the  6t  h  of  Febmary  the  whole 
lot  of  chrysalides  were  then  examined,  wben  many  were  toand  to  bt  dead  and  dried 
up,  others  again  look  plump,  which  were  inadvertently  thrown  away,  and  from  the 
eaaes  of  others  several  varietiee  of  living  ichnenmon  fllea  were  taken  alive.  One  of 
them  flUiog  the  care,  and  of  normal  sise,  was  sent  to  Professor  Biley  and  pronoouced 
by  him  to  be  "  Pimpla  eoHquintor,"  n  parasite  of  Aletia,  My  impression  now  is  that 
bad  they  been  left  undisturbed  the  living  motbs  would  have  issued  forth  this  firing 
from  a  tiaw. 

I  do  not  think  the  moth  can  survive  the  winter,  as  in  its  natnral  state  and  in  ron- 
flnement  it  is  so  short-lived  in  the  summer,  and  my  conclnsion  is  that  though  it  may 
be  retarded  in  its  transformations  in  our  climate  by  cool  weather,  it  was  not  designed 
by  nature  to  hibernate  in  any  of  its  phases,  bnt  is  the  creature  of  a  semi-tropioaT  cli- 
mate, where  it  is  perennisi  and  completes  the  cycle  of  its  existence  nninterrnpledly. 
It  has  followed  cotton,  its  favorite  food,  Into  our  temperato  climate,  has  become  in- 
digenous, but  has  been  snbjected  to  abnormal  changes,  and  only  appeals  in  large 
nuniberfi  during  those  periods  wben  our  climate  assnmes  for  a  time  a  semi-tropical 

Many  of  the  moths  leave  their  cases  late  in  the  fall,  ami  many  eggs  as  well  as  chrys- 
alides are  caiicbt  by  the  frost  upon  the  cotton  stalks  and  must  uecessarily  fall  to  the 
ground  with  tbo  detritus  of  the  plant,  and  where  there  is  mnob  vef^table  matter,  aa 
IB  the  catte  in  onr  fresh  lands,  ami  from  the  decompiisition  going  on,  would  be  wet) 

Erotectcd  against  front.  What  ei>es  witb  the  moth,  unless  it  dicR,  is  a  nystery,  an  I 
ave  rummaged  everywhere  withonc  gncceea,  and  in  spite  of  ToirarilscSenidQan  hear 
of  none  from  one  season  to  the  next.     Tbe  senoral  opinion  is  that  they  die  out. 

Ah  the  egg  of  tbe  Aphit,  a  much  more  insignificant  inseot,  but  one  greatly  affecting 
cotton,  is  known  to  survive  the  winter,  by  analogy  I  do  not  se»  why  the  egg  of  Jli-li* 
may  not  likewise  survive.  The  one,  AphU,  is  deptis''*''  ""  *'^^  stalk,  and  the  oiber, 
Aletia,  on  the  leaf;  both  go  to  the  grouud.  Aphii  appeure  almost  coetaueously  wiih 
cotton  under  its  appropriate  law,  and  why  may  not  Aletia  appear  lator  from  its  ovum 
nnder  its  appropriate  lawt 

8.  Starling  and  aspeciesof  gregarious  blackbird :  icbnftumouflies,audaIeoBsniall, 
velvety-looking  caterpillar,  black,  with  two  lateral  yellow  stripes. 

9.  Poisoned  sweetA  near  lights  for  the  destruction  of  the  motbs  were  tried  here  many 
years  ago,  and  with  some  succesa.  It  was  soon  at>audonedon  account  of  the  time  and 
trouble,  as  well  ai  expense,  and  haa  never  hfen  repeated.  A  moth-lamp  attracted 
Btteutlon  a  few  years  since  about  Canton,  but  that,  too,  has  dickered  out. 

10.  Light  would  prove  far  more  attractive  than  the  sweet. 

11.  I  know  of  no  dower  which  attracts  them. 
13.  Nothing. 

15.  As  we  usually,  in  fact  invariably,  see  the  worm  before  we  sen  or  bear  of  the 
moth,  the  aim  would  be  to  destroy  the  second  brood,  and  this  coald  be  best  done  by 
putting  out  lights  and  sweetened  poisons  to  attract  the  moths. 

I  win  here  reitorate  what  has  been  submittpd  in  previous  correspondence,  that  tbe 
propagation  of  the  worms  in  destructive  uumb^rs  is  the  result  of  imprudent  tillage, 
and  that  by  plowing  wet  land  we  hftsien  their  jirodaction  by  an  artificial  proceas 
which  good  husbandry  would  teacb  ns  to  avoid.     He  who  will  run  bis  plows  only 
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when  bis  UndB  ai 

ep1tiT»ted,  will  n_ __, „ .__ . 

I  deem  it  niiDecMBftry  to  go  into  detftil,  ••  m;  tbeorj  aai.  plana  have  b«en  «l»boi«ted 
ID  previous  correspondence. 

I  have  the  honor  to  be,  fours,  reapectfnily, 

E.  H.  ANDERSON. 
Prof.  C.  V.  RiLBY,  C»V  U.  S.  E.  C. 

[Dr.  (Utderwn'i  theory,  referred  to  in  the  above  report,  and  m  set  forth  in  an  pxten- 
■iTe  coTTwpondenoe,  may  be  thiu  it»ted :  In  1858,  in  the  month  of  Jnly,  on  vtsiting 
his  cotton  field  emiti  In  the  morning,  he  fonnd  bis  oreraeer  mnnlnff  it  nnmber  of  plovra 
n  m  hfll-elda  b^}*'^'''''^  bottom  land,  irhere  the  aojl  was  wet.    tw  ordered  the  plows 


to  be  stqpped.  beUeTing  that  the  wotk  wonld  fire  the  cotton  and  canse  It  to  shed,  and 
peibMw  injnre  the  laua  b;  baking  the  wet  «od  in  the  hot  ann.  In  ten  days  the  woim 
iraa  dlamTerad  in  the  ootton,  and  in  twenty  days  there  was  not  a  leaf  or  yoonz  boll 
to  be  fonod  npon  it,  and  what  especially  surprised  him  was  that  the  worms  did  not 
tonoh  adjoining  cotton  or  enws  Ae  plowed  ftarrows,  Bince  that  time  he  bae  often 
witneoaed  a  dmilar  occnrrence,  and  others  have  had  a  like  experience,  ao  that  he 
gradnatly  eame  to  oondder  that  there  was  oanae  and  effect.  He  made  ezperimeuta 
which  aecmed  to  eOBflrm  that  belief,  and  Snally  i«ached  the  oonetnaion  that  either 
tke  moth,  nnobaerred,  had  deposited  her  egn  upon  the  atalka,  or  the  egga  af  the  pre- 
Tlona  aeaaon  bad  follen  to  the  rronnd  with  tbe  leaf  of  the  plant  and,  Minf;  protect«d 
b;  thedetritas,  hadsnrvived  the  winter.    To  nse  his  own  langnaKe: 

"  Under  ordinary  cironmatancee,  from  the  albaminons  natore  of  the  en,  it  wonid 
be  alllM!t«d  by  beat  and  molstnre  naturally ;  that  is.  by  solar  action  on  run  and  dew, 


creatlngTapor,  which  qniukenait  into  life,  Viylndnolng fermentation andpntrefactlon, 
wlthont  which  no  ege  eonld  be  hatohed  and  no  germ  viyifled.  Under  the  Jnfliiene " 
of  oold  tbe«e  chemical  forces  wonld  t>e  dormant,  and  tbe  emliryo  or  germ  would  n 


main  qtnewient.  The  necessary  atmospheric  conditions  do  not  recnr  annnally  for  the 
speedy  propagation  of  the  Anomit,  and  hence  we  do  not  have  them  In  deatructive 
TiniBben  except  in  pronitions  seasons.  *  *  *  It  is  a  fact,  pat«nt  to  all  practical 
farmers,  that,  if  their  land  is  plowed  wliile  wet  or  too  wet  for  good  tilth,  the  com  or 
the  cotton,  aa  the  ease  may  M^  ia  liHared  thereby — Bred,  as  it  la  termed ;  i  be  com 
tnmtng  yellow  and  being  arrested  in  Its' growth,  while  tbe  cotton  aheds  its  Icavca  aid 
droops.  Why  is  thlal  I  ahonid  aay  beeanse  tbe  clod  is  exposed  to  rapid  solar  evapo- 
ratloD,  and  the  hot  steam  damages  tbe  plants,  through  its  respiratory  oi^ns,  and  im- 
prdea  the  normal  fbDOtions  of  all  of  its  organs  by  diBtnrbing  tbe  beaithy  eqaihhrium 
of  the  air.  That  an  abDormal  degree  of  heat  Is  produced  by  this  process  ia  proved  by 
the  application  of  the  therniomi^ter,  as  I  know  by  experiment ;  and  every  farmer  knows 
■  that  tlie  hottest  and  most  oppressive  work  is  plowing  wet  land  under  a  hot  sun."  It 
cannot  need  proof  to  show  that  when  by  plowing  yon  disturb  tbe  capillarity  of  tha 
earth  while  damp,  abnormal  beat  is  prodnoed  by  the  more  rapid  i^vaporatiou  of  the 
upheaved  soil.  This  is  aaoertalnlytmHaa  that  a  shower,  by  restoring  or  re-eetablish- 
Ing  capillarity,  will  oool  down  the  eartbi 

''  Nffw,  my  theory  ia  that  the  damp  artiflcial  heat  produced  by  tbe  process  of  plowing 
wet  land  is  tbe  most  favorable  of  all  conditiona  for  hatching  speedily  the  eggs  of  the 
insects,  and  especially  when  you  add  to  this  the  extrication  ofammoniaeal  gases,  which 
under  such  clrcnmatances  most  be  more  abundantly  evolved.  This  I  hold  to  l>e  the 
solatiou  of  the  mystor^  of  speedy  generation  in  the  wetter  portion  of  cotton  HeUlB." 

The  plan  of'  prevention  Dr.  Anderson  proposee  on  this  theory  is,  never  to  run  tbe 
plow  in  May  or  June  sontb  of  his  latitude,  or  in  July  or  August  farther  north,  when 
the  land  is  wet  and  not  in  good  condition  for  plowing.  If  there  are  frequeut  rains, 
he  believes  It  matters  little  when  or  bow  the  plowing  is  done;  "for  so  long  as  tbe  rain 
continues  the  necessary  physical  conditions  cannot  be  produced— shower  succeeding 
shower  in  rapid  succeaaion  keeps  tbe  temperature  of  both  air  and  earth  cooled  down 
and  ia  inimical  to  the  worm.  When,  however,  showers  at  longer  intervals  occur,  and 
the  temperature  is  high,  and  the  plowing  produces  rapid  evaporation,  and  the  plow- 
man, reeking  with  sweat,  pants  for  a  breath  of  pure,  dry,  freeb  air,  then  tbe  Antmit, 
nurtured  into  life  by  its  genial  surronndiugs,  commences  lis  revels,  and  in  a  abort  while 
the  luxuriant  cotton  is  converted  into  bare  and  blackened  atalks." 

"You  must  make  cotton  as  yon  make  hay;  that  is,  while  the  ann  abines.  Tbe  dili- 
gent farmer  who  keeps  even  with  bis  work  can  always  afford,  without  ditrimeut  to 
hia  crop,  to  let  bis  plows  rest  until  he  can  do  good  work,  but  if  plow  you  muat.  to  kill 
grass,  BUd  tbe  rain  won't  atop,  throw  your  furrows  into  tbe  middle  of  your  rows  and 
not  to  your  cotton,  as  by  this  process  tbe  danger  of  developing  the  worm  is  less,  and 
no  injury  is  done  to  your  plant.   • 

Dr.  Anderson,  nevertheless,  admits  that  "  a  few  of  the  insects  are  annually  hatched 
by  a  natural  process;  enough  to  perpetnate  tbe  species,"  A  similar  theory  to  this 
one  of  Dr.  Anilerson's  ia  held  by  a  nnmber  of  planters,  fouudPd,  of  course,  on  ths  oh. 
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•erred  iDflaenoe  of  soil  and  ireBtliBt  on  the  development  of  the  worm ;  lint  in  ao  br 
•■  any  snch  theory  impliee  the  hibematiou  of  the  egg,  or  the  epontaneons  generation 
of  the  ineeot,  or  in  ao  far  as  it  departs  from  the  reasoning  on  pagee  81-83  of  thia  Re- 
port, ne  believe  it  to  be  fallaoiooa.] 


[The  followiog  oondeiued  Munmary  of  the  habita  of  Uie  worm  ia  from  that  axoel- 
lent  obterrer.  Di.  D.  L.  Pharea,  of  Woodrille,  Uiaa. : } 

The  caterpillar  geoecallj  makee  ita  flist  appeaiaooe  at  or  abont  the  Nate  tpoit  in  a 
field  year  alW  year,  partially  or  wholly  dennoing  a  few  aqnare  roda  or  an  aoie  or  two. 
That  is  the  first  appearance  gnurallf  noticed  by  planters.  Close  obaerren  find  a  few 
earlier,  end  only  a  tew  leavea  nibbled  on  only  a  stalk  or  two  of  cotton.  In  dne  time 
the  moths  from  this  first,  or  rather  leoond,  biood  liepoail  their  eggs  iji  all  parta  of  the 
field  when  tbefoliase  la  in  right  condition  forfeeding  the  young.  In  afew  da^s  more 
all  parts  of  the  field  are  Htripped  aimDltaueoaHly,  that  is,  so  far  aa  eat«n  at  all.  This 
when  the  deBtractioa  is  early.  When  broods  are  smaller,  the  Baooeeaive  generation* 
appear  for  three,  five,  and  even  eeven  monthe. 

'*  The;  are  not  Army  Womu.  They  usually  batch  and  pass  through  all  tranaforma- 
"~     — «  pluit  on  which  the  aga  U  depoeited.     If  aooidentally  thrown  off. 


the;  return  to  the  plant  when  praoticsble.    Sometimes  violent  atorms  of  wind  a; 
■    yaUor      —     - ' '-  "  -      -■ 

,  they  abandon  ^  . 

lafrom  the  field;  not  so  often,  itaeems  tome,  for  oUier  food,  aato  eaoapa 


rain  sweep  nearly  all  off  and  wash  them  up  in  vast  heaps  M^uet  feuoee,  Aa:^  where 
the;  patniy.  Di^, hot  aunahine  seems  to deatroy  them  iualletagee;  and  aometime^ 
under  enoh  conditions,  they  abandon  the  parti^y  denuded  planta  and  move  in  lia- 


"  Another  point:  If  the  moth  deposits  no  eggs  in  any  part  of  afield,  no  caterpillara 
will  attack  that  part.  She  knows  evidently  where  tlie  young  can  snbsist  and  where 
not,  and  she  depoeita  her  eggs  accordingly.     If  the  plant  is  in  condition  to  feed  the 


the  intense  heat.  Undereaoh oonditionaonerar«ly  ever  aaoenda  another  cotton  plant. 
Their  march  is  to  death.  If  a  road  be  in  the  way  and  dnsty,  and  still  worse  sandy  or 
gravelly,, few  succeed  in  passing  the  barrier.  The  expoeed  hot  ground  killa  thMi, 
and  sometimes  we  have  seen  them  in  the  road-aide  dttobes  several  inohea  deep,  in- 
feoting  the  air  with  pntiefactive  stench. 

"'--"- '-':  fftl----'-  =------ 

art. 

motb.  I  sappuee  it  ia  In  couifltion  to  hatch  and  feed"  the  yonns.  Little  or  no  difier- 
ence  is  peroepHble  hy  the  common  planter  in  the  condition  of  uie  plant  on  two  aides 
of  a  line  that  ma;  divide  an  iq]nred  and  uninjured  field.  A  little  diAanoe  from  the 
■  line  the  difeienoe  is  not  peroeptible.  The  plant  is  not  eo  tender.  Ita  <'h<'mi''wl  and 
mecbanioal  condition  both  nnnt  it  for  the  food  of  the  oaterplllar ;  tbMef<ae  tjia  moth 
depositanoeggsonit,norwlll  the  caterpUlate  If  placed  on  it  eat  it.  TUaisspeoially 
and  annually  noticed  on  rolling  or  nndnlattng  landa,  and  sometimes  on  lands  to  tbe 
eye  apparently  level.  ThJe  is  myfortieth  crop  on  the  landa  where  I  reside,  and  is  no 
year  has  my  whole  crop  been  eaten  off.  The  crope  are  often  decayed  in  Hadiaon 
County  and  other  points  north  as  well  aa  south  of  me  before  any  daina,  e  is  done  here 
by  the  oaterpillu.     This  depends  on  condition  of  plaut." 


D.qit.zeaOvGoOt^lc 


NOTES. 


sasiGoOi^le 


sBBiGooi^le 


XOTSS. 


SoTil(p>  1). — "Aixnx  ixaiLLACXA.. 


"  •  Hlibn.,  Noc,  W9.    ViwUinft." 

Tlusnu;  be  tnuuUted:  "FromBabU.  L«ftb;Ur.  Sommer.  A  AbotiM  ffMHtaa  and 
AMiapAtI*  U»eata.  It  ia  ver;  Bimilar  to  A.  Vii^liHa,  but  u  in  uotliiiiK  idantioal  with 
it,  and  hM  A  wlut«  dot  on  the  wings.     Figi.  399  uid  400  repreaent  the  male." 

HoTK  2  (p.  1). — Wlthoat  eatering  into  auf  general  diaoiiMloTi,  which  would  be  oat 
of  place  here,  aa  to  whether  Httbner'a  names  ahonld  be  adopted  or  not— a  qnestion 
which  haa  always  divided  entomologista — bnt  following  tfaoae  who,  taking  the  more 
(miaervatlTe  view,  accept  hia  speoiee  when  hia  deaeriptiona  and  flgnres  leaTB  no  qnea- 
tioo  aa  to  what  ia  intended,  the  above  purported  deacrlption,  in  coDQeotion  with  the 
Ignies,  woold  have  to  be  rejected  even  from  thia  standpoint.  In  point  of  fact  tbey 
leave  every  doubt  ae  to  the  apeciea  iniended,  and  give  na  no  abeolnte  oertaiuty.  The 
only  deaoriptive  part  ia  that  referring  to  the  white  dot,  and  thie  la  conapicnooaly  and 
well  repnasnted  on  the  flgnre  referred  to ;  bnt  it  ia  thia  very  charaoter  which  makea 
it  morally  certain  that  eoKie  other  apeciea  than  zjrHaa  Bay  waa  intended;  for  while 
typioal  apecimena  of  xflina  invariably  have  the  three  white  mtnnte  dota  referred  to 
mi  page  B  of  this  work,  the  oonapionons  diaoal  or  reniform  apot  on  primaries  ia  almost 
invariably  oval  and  dark,  with  two  doereooa  pnpUa.  which  are  often  dilated  ao  as  to 
represent  a  large  oinereooa  spot,  with  a  dark  center  and  a  dark  border.  Of  the  many 
hnndreda,  and  we  may  say  thonaanda,  of  apecimens  which  we  have  examined,  not  one 
baa  had  the  dittinct  white  apot  described  and  ftgared  by  Hilbner.  The  flgnne  in 
other  reapeota  bear  out  this  oonclvsion  ;  for  while  in  the  different  copies  of  the  Zn- 
lilge  the  eoloring  will  vary  according  to  the  colorist,  and  according  as  the  colon  have 
ehanged  with  age — two  facte  which  in  themaelvea  ahoald  be  aoCBcient  to  discard  namea 
founded  on  mere  Agnree— yet  in  the  three  copies  which  we  have  examined  tbeflgniea 
Mpreaent  a  smaller,  feebler-bodied  apeciea,  lacking  in  the  characteristic  olivaoeona 
haea,and  tnnch  more  roaeate  aaperioily  and  more  highly  colored  with  yellow  and 
roseate  on  the  ondeiaide.  The  under  aurf aces  of  syliiia  are  of  tolerably  uniform  pale 
gray,  with  a  faint  ochreons  tinge,  and  in  no  speoimen  of  zylioa  do  we  find  the  sharp 
black  line  on  the  under  aide  of  the  hind  border  of  the  aeoondariea  characteriattc  of 
HHbner'B  flgnre. 

From  these  facte  it  will  be  seen  that  nothing  can  be  absolutely  settled  tram 
Bllbner'a  deacriptlon  and  flgnres,  and  ao  much  has  thia  been  felt  by  previous  authors 
(hat  they  have  not  been  able  to  identify  Httbner'a  ttrgillacea,  Thua  Gaeu^,  who 
had  evidently  lietter  material  to  Judge  ftom  than  any  previous,  or  for  that  matter  eub- 
sequent,  author  whom  we  can  call  to  mind,  questioned  whether  bis  graiulipuvcta 
(^xyliaa)  could  be  referred  to  argtllacta,  for  the  reason  that  thia  laat  ia  more  yellow, 
moio  distiocUy  marked,  with  the  reniform  concolorona,  marked  with  a  very  diatinct 
white  dot,  and  quite  diatlnot  on  the  nnder  surface.  Even  Hr.  Orote,  notwithatanding 
the  assurance  with  which  he  identifies  ar^iUooaa  in  the  paper  before  the  Association  in 
the  fell  of  1874,  expressed  his  uncertainty  in  his  first  pnbliahed  opiiuon  on  the  subject 
earlier  in  the  year.  (Bnllella  of  the  Buflala  Society  of  Natural  Sciences,  vol.  i,  p. 
170,  1874.) 
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The  figana  on  our  Plate  TV,  7a,  were  kindly  copied  for  na  by  Mr.  Edwin  Sbeppaid, 
from  the  copy  of  the  Zntrsge  in  tbe  library  of  the  AmerieaD  EotODMlogiMl  Society. 
The  coloring  has  been  slightly  lightened  in  tbe  printing,  bat  otherwlae  ibowt  tbe 
figoTcevery  u-ellHstbey  appear  in  that  copy.  In  the  copy  in  Dr.  Hagen'a  poaeewi on,' 
OS  bIbo  in  that  which  we  have  lately  obtained  for  the  Department  of  Agriooltim,  Iha 
figures  are  somewhat  darker;  bat  all  are  ODiform  in  those  partiaolus  which  we  hara 
jost  pointed  out,  and  in  wbicb  they  differ  from  zjilino.  Hence,  a  careful  and  candid 
•tody  of  the  subject,  an  far  as  HUbner'a  work  permits,  leaves  very  grave  doabt  ■«  te 
tbe  identity  of  bts  arijiIUn:ta,  and  tbongh  from  (he  fool  that  we  bad  accepted  Ofat«^ 
detemunatiou  in  tbe  first  ciiition  of  Ibia  work  (iwlety  oa  his  aathority)  we  have  tritd 
to  retain  it  rather  than  make  a  cbaoge  in  this  second  edition;  yet  an  unhiaaed  weigh- 
ing of  the  facts  presented  by.  the  published  data  would  alone  have  foroed  na  to  rejrct 
*rgillac«a.  We  are  entirely  of  Dr.  Hagen'a  mind,  aa  eipreased  in  a  Iett«r  written  to 
as  April  4,  1883,  after  fall  stady  of  ibe  facta,  and  before  be  wm  aware  of  o«tr  pnvi- 
oDsIy  published  opinion  to  the  same  effect.  He  remarka ;  "  Compu«d  with  Say's  n- 
eellent  deacription,  I  believe  it  out  of  question  mot  to  accept  Say'e  naioe,  which  hai 
priority." 

Foiced  thua  from  the  publiahed  data  to  reject  argillaeMt  on  the  gionndof  vxtt- 
tainty,  we  have  endeavored  to  reach  a  definite  concloaion  &am  non-pabliabed, 
biatorlcal  data,  i.  a.,by  an  endeavor  to  ascertain  whether  types  of  HHbner'B  wyiliMM 
were  atill  in  existence.  Dr.  Hagen  kindly  informed  na,  in  a  letter  dated  April  11, 
1B83,  that  aince  argilUKea  was  described  from  the  collection  of  the  late  Hr.  Somoiet, 
of  Altona  near  Hambnrg,  it  might  perhaps  be  possibte  to  find  the  type  apAcimeo  sdli 
in  Ihat  collection,  aa  Hi.  Sommer  had  hia  eoUeotioa  speoimena  kept  in  very  good 
Older.  Tlie  Sommer  coUeotioa  was  auppoeed  to  have  been  purchased  by  the  Mnsera 
of  the  city  of  Hamburg,  but  upon  inquiry  we  were  infomied  by  Mr,  C.  Crflger,  who 
was  forioerly  connected  with  the  Mnsenm  Godeffioy  of  Hambttrg,  that  tbe  oollectioB 
bad  long  aince  been  purcbaaed  by  Dr.  Standiuger,  of  Blosewits  near  Dresden.  Hav- 
ing thua  traced  the  Sommer  collection,  we  directed  Ur.  A.  Koebele  to  proceed,  with 
specimens,  to  Oermany,  and  to  visit  Drestlen  nnd  inquire  int<i  tbe  facts.  Witb  iht 
kind  permiaalon  of  Dr.  Staudiuger,  Mr.  Koebele  wiis  able  to  make  an  examinatiun  ol 
Ihe  Sommer  collection,  bat  the  resalta  gave  ns  uo  greater  certainty  ;  for  from  the 
notes  made  it  would  appear  that  very  few  of  tbe  labels  in  the  Somnter  collection  an 
written  by  Sommer.  Tbe  coltectiou  is,  also,  in  great  disorder,  and  has  been  neglecud 
by  Dr.  Staadinger.  Of  tbe  eight  specimens  of  onr  xgliita  in  rbe  collection  one  it 
marked  ftom  Panama,  another  from  Porto  Rico ;  one  is  named  "  Antmi*  f  raadipnufa 
Gueu.,"  another,  unspread  S  specimen  "  argitlaati  Hbn.,  and  a  third  "  d.  froadie.^ 
If  there  were  any  way  of  considering  these  labels  authoritative  (be  evidence  lai^t 
be  considered  in  flavor  of  our  xgUiui  being  Bfibner's  ar^Iaora,  bat  from  all  the  tiuie 
it  is  evident  tbal  the  labeling  baa  been  done  by  other  bauda,  and  there  ia  otbet 
evidence  to  weaken  tbe  value  of  those  labels.  Thus  tbe  type  of  or^IJeoeA  is  diatiactlj 
stated  by  Hflbner  to  l>o  male,  so  tliat  tbe  female  above  referred  to  oould  not  be  the 
type,  which  must  also  have  been  spread  to  bave  permitted  tbe  artist  to  Ailly  igan 
the  upper  and  under  anrfacea  of  all  wings.  Again  iu  tbe  Sommer  collection  there  aie 
eight  specimens  of  a  closely  allied  moth— the  Anontii  Iirridala  Qaente,  of  which  ooe  ii 
labeled  "laridaiat"  and  aaecond  "nixletla"  and  a  third  "aaaota."  Tbe  ^eeieiie 
quite  unlike  the  txacta  of  HUbner'a  figures,  ao  that  we  have  here  positive  evldenceof 
tbe  worthlesanees  of  tbe  labels  as  bistorical  indioationa  of  Htibner's  types. 

Note  3  (p.  5). — It  may  aoem  strange,  but  nevertheleaa  there  la  no  publiahed  detailed 
deacription  of  tbe  earlier  states  of  this  insect  that  ia  at  all  fbll  and  aoontate,  or  that 
will  permit  tbe  entomologist  to  dlaorimlnate  between  theapecies  and  aomeofitsoloeer 
relations.    Say's  original  descrtptiou  of  the  imago  is  sufficiently  full  and  satiaftetoiy. 


'This  copy,  na  Dr.  Hagen  informs  uo,  is  on  "gesobSpftes  Papier"  with  what  it 
known  aa  old  coloring  in  good  condition. 
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ADd  there  are  man;  geaenil  dsBcrlptionBof  theeKg.lBrra,  and  pap  a,  seTSTal  of  vhiob, 
especially  irhere  acconipaaied  with  accnrata  figures,  will  serve  to  idoatifj  tliespecies 
on  Iho  part  of  thoae  wlio  have  not  previoutilj  become  faniilUr  with  it.  But  of  the  egg 
aud  the  different  larval  etages,  and  even  of  tbe  pupa,  there  are  no  inch  technical  de- 
scriiitioDsaswillenahtetheentomologiattodiscriiniuate  between  these  different  states 
and  those  of  some  of  the  closer  related  species.  This  Is  particularly  true  of  the  eat  If 
larval  stages.  Dr.  C.  W.  Capers  is  osnally  referred  to  as  having  given  the  earlie«t 
fnll  descriptions  of  egg,  larva,  and  pnpa,  aud  in  order  to  indicate  bow  very  general 
those  descriptions  were  and  bow  tborougbly  thej  are  tacbing  in  the  characteriscio 
«tmctiira1  details,  we  reprodnce  tbe  descriptive  portion  of  bis  otbonvise  excellent  ar- 
ticle published  in  162B.  His  description  of  tbe  egg  would  appl;  more  truly  to  that 
ot  Chrgiopa,  from  wbtoh  it  wag  probably  drawn. 

[Fmra  the  Soatbem  AgricaUnrist  and  Register  of  Baral  Affaire,  vol.  i,  for  the  yeiv 
IHM,  Charleston.  Art.  II.— On  tbe  Cotton  Caterpillar,  by  Dr.  C.  W.  Capers,  of 
ISaint  Helena  Island,  pp.  303-309.     Portion  quoted,  pp.  204-SOti.] 

"  I  have  Dot  been  able  to  ascertain  tbe  exact  period  when  tbe  cotton  caterpillar  first 
made  ite  appearance  in  this  conutry ;  bat  the  earliest  intelligeDce  of  tbem  which  could 
be  gath ered  &am  the  best  planters,  of  tbeir  destroying  tbe  cotton,  wss  in  the  year 
160U.  The  accounts  given  of  insects  of  a  prior  date  destroying  tbe  indigo  and  other 
plants,  were  uadonbtedly  of  anotber  species.  In  tbe  year  1804,  tbeir  numbers  were  so 
great,  as  to  nearly  destroy  tbe  cotton  crops  j  hut  a  storm,  wbioh  arose  on  the  8th  of 
September,  proved  so  destructive  to  tbem,  (bat  they  were  not  seen  in  an;  great  nam- 
bers,  as  far  as  I  can  learn,  for  many  saceeeding  years ;  and,  althongh  in  tbe  coarse  of 
a  few  years  they  were  to  be  fonnd  on  many  plantations,  yet,  the  injury  done  by  them 
was  not  very  general  or  great  in  amount ; — and  it  was  observed,  that  certain  planta- 
tions, and  even  oiBrtatn  spots  upon  it,  were  the  first  to  bo  visited  by  them.  In  the 
year  1825,  thoy  commenced  very  early,  and  were  spreading  rapidly,  when  they  were 
again  cntoff  bythe  storm  which  took  place  on  tbe  14Ch  of  September,  lmme<l  lately  after 
the  storm,  I  went  into  the  cotton  fields,  and  conld  see  a  small  numbers  of  tbe  cateriiillars 
still  remaining ;  but  in  the  conrse  of  a  ibw  days,  they  totally  disappeared,  and  it  was 
confidently  tnisted  by  the  planter,  that  the  elements  would  once  more  relieve  bimfVom 
this  devouring  insect,  and  was,  in  this  manner,  consoled  for  the  loss  snstaini'd.  But 
tbis  proved  fallacious,  and  the  following  yeartbe  crops  were  more  rapidly  and  effect- 
ually destroyed  than  in  any  which  preceded  it.  Tbe  earliesl;  notice  taken  of  tbem 
was  on  the  1st  of  Angust,  nt  a  plantation  npon  this  island,  and  soon  afterwards  they 
were  found  in  various  parts  of  it,  aud  information  received,  that  tbey  were  in  all  direo- 
tious  upon  the  sea-coast  from  NorFb-Carolina  to  New-Orleans. 

"On  the  23d  of  September,  Ihey  had  consumed  nearly  all  the  cotton  leaves,  all  the 
ojiper  pods,  and  some  of  the  latter  of  a  size  almost  ready  to  open.  At  tbis  time  they 
quitted  the  cotton  plants,  and  tbe  whole  earth  wemed  to  be  a  movinc  mass  and  com- 
pletely alive  as  these  insects  crawled  along  cm  iis  surface.  A  few  ottbem  remained 
upon  the  cotton  stalks,  but,  in  coaseqneuco  of  tbeir  want  of  food,  they  changed  Ibeli 
color  and  became  dull  and  Inngnid,  and  finally  iierished.  I  have  never  been  able  to 
account,  satisfactorily,  for  the  suddeu  manner  of  these  insects  qnitting  tbe  cotton 
plant.  It  was  not  fur  tbe  purpose  of  webbing,  for  most  of  tbem  were  young ;  and 
when  thev  web,  it  is  alwuys  im  the  cotton  staik,  or  some  neighboring  plant,  unless 
when  it  IS  for  tbe  winter.  Kor  was  it,  in  all  iustancee,  for  the  want  of  fowl ;  for,  in 
most  fields,  there  were  certain  spots  which  tbey  bad  left  untouched.  The  only  rea- 
son which  I  oonid  assign  wan,  that  having  consumed  the  leaves  from  tbe  cotton,  tbey 
were  directly  exposed  to  tbe  sun's  rays;  which,  from  a  meteorological  journal  1  at  that 
time  kept,  were  observed  to  be  very  powerful.  Whatever  tbe  true  reason  might  be, 
such  is  tbe  fact,  that  they  appeared  to  leave  the  cotton  simnllaneouHly,  and  in  the 
conrse  of  a  fow  days,  but  a  suinll  number  of  those  myria<ls  were  anywhere  to  be  seen. 
We  have,  every  year  since,  had  Ihem  in  particular  places,  hut  not  in  auch  numbers  as 
to  do  much  mischief.  Tbeir  early  appearance  in  the  summer  months,  much  depends 
npnu  the  temperature  of  the  precotnng  winter;  aud  this  must,  of  couno,  influence 
tbeir 'numbers,  which  will  bo  more  fully  explaiued  when  giving  a  description  of  the 
habits  of  tbe  Inseot. 

"The  Kotiua Xj/Una  is  an  iubabitaotof  tbeMaconstof  oursoutbern  country.  How 
H  first  came  here,  whether  by  Qi^^ht,  as  some  have  supposed,  or  brought  in  tbe  chrys- 
alis, a  thing  much  more  likely,  I  am  unable  to  determine.  Tbe  changes  which  tbe 
dittcront  ioseeta  nndergo  tbronch  tbe  snccesKive  stages  of  tbeir  brief  exiHti-nce,  are 
familiar  to  most  persons.  Kotliing  can  be  more  unlike  than  tbe  worm  crawling  upon 
the  earth  or  on  the  plant,  and  fcctling  upon  its  leaves  and  tender  parts,  and  tbe  moth 
or  hntterfly  to  which  it  has  he^u  converted,  expanding  its  brilliant  wings  in  tbe  air, 
■>r  passing  from  flower  to  flower.    These  changes  form  a  complete  circle,  multiplying 
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«Bch  tfcaeiu  snch  ironderfnl  progrewloii,  as  woifld  soon  overwhelm  everything  by  the 
increase  neie  there  not  eertaiD  caiines  by  which  the;  are  destroyed,  and  once  inoM 
broiiElit  back  wilhin  more  reaaonable  linrits. 

"  The  molh  will  be  noticed  the  dint  in  the  neries.  It  is  a  smaU  insect  of  a  triangnlar 
form,  abont  I  ioch  ii^  length,  and  is  easily  didtinguiebed  from  all  others  which  bvar 
any  resemblance,  by  the  peculiar  dark  spot  npon  its  Bnpeclor  wings.  It  seldom 
moves  In  the  day -time  unless  distuibeU,  but  at  night  its  flight  ie  rapid,  and  it  isoften 
attracted  into  housei  where  there  are  lights.  How  many  duys  after  leaving  Ihe 
pupa  state,  it  is  before  the  moth  laya  its  eggs,  or  how  many  of  them,  I  am  unable 
to  »ay, 

"  Tkf  tag  is  of  a  blniah  green,  and  quite  smair.  It  ia  ceuerally  deposited  apou  the 
under  side  of  the  cotton  leaf,  and  is  about  fourteen  or  lifteen  days  in  hatching.  It  is 
oooBned  to  the  leaf  by  means  of  a  small  filament,  attached  by  a  ({lutinons  sUMtftUce. 

"  The  caterpillar  oj  lana,  when  hatched,  isao  extremely  minute,  as  to  be  acarcelT  per- 
ceptible to  the  naked  eye.  In  a  few  daya,  however,  it  attains  its  full  size,  which  is 
aliout  li  to  2  inobea  in  length,  and  about  the  thickuess  of  a  crow  quill.  Tbe  color  is 
not  always  tbe  same — some  being  much  darker  than  others.  All,  however,  are  marked 
with  blaok  spots  upon  the  back,  and  lines  of  the  same  color  rnnuing  the  whole  length 
tiQm  head  to  tail.  The  belly  is  of  a  licht  greenish  yellow,  and  when  about  to  web,  it 
swells,  loses  the  spots,  and  becomes  of  the  same  colonr  as  the  belly.  As  I  before  no- 
ticed, the  son  appeared  to  have  great  effect  in  chaugiaK  the  color,  or  it  was  produced 
by  tbe  scantiness  of  the  food,  as  it  was  only  those  of  a  liKhC  color  who  were  able  to 
remain  npon  the  stalks  after  the  leaves  weie  uoaHumed  in  the  year  1835.  It  is  well 
known,  (liat  the  cat«TpillaT  avoids  the  sun,  and  it  is  principally  in  cloady  and  damp 
weather,  and  daring  the  night  that  they  thrive  best,  and  cousume  most  food.  At 
such  times,  when  they  are  in  large  numbers,  they  can  be  heard  at  the  distanctt  of 
several  yards  whilst  feeding  and  moving  about  on  the  cotton  plant)  and  so  offensivo 
is  the  effluvia  arising  from  them  that  this  is  generally  tbe  txst  indication  of  their 
piesence.  and  so  peculiar  is  it,  thut  whouver  has  noticed  it  once  will  rarely  mistake 
it  when  he  again  approaches  tbeiu.  Their  activity,  also,  is  remarkable,  npon  being 
touched  they  double  tbemsetvea  up,  and  spring  to  some  distaucs.  In  feeding,  they 
always  commence  with  (he  npper  leaves ;  afterwards  they  take  the  larger  leaves,  and 
finally,  the  blossoms  and  young  pods,  and  in  \^£i  they  were  compelled  to  resort  to 
older  pods  and  the  bark  of  tbe  stalks.  I  have  never  seen  them  eat  any  food  besides 
the  cotton  plant.  In  the  year  just  mentioned,  when  they  had  completely  deonded 
the  cotton  fields,  excepting  a  few  spots  as  before  noticed,  and  were  compeQed  to  quit 
for  the  wont  of  sustenance :  they  took  their  wajf  through  the  oom-fl<^ds,  pea>,  aitd 
potato  patches ;  and  although  they  webbed  in  each,  and  all  of  them,  Indiscriminately, 
yet  the  greater  part  periuhed  on  the  earth  for  want  of  food.  We  may  therefore  con- 
clude, that  these  inseols  never  devour  anything  but  the  cotton  plant;  and  that  tbe 
caterpillar  which  destroys  the  corn,  the  potatoes,  peas,  and  grass,  are  totally  differ- 
ent, OS  any  one  may  see,  who  takes  tbe  trouble  of  examining  them.  The  latter  re- 
sembles it  more  closely  than  any  other,  but  It  is  of  a  much  lighter  color,  and  although 
nearly  as  large  around,  is  not  more  than  half  tbe  length.  The  rapidity  with  which 
these  insects  increase,  and  the  short  time  it  takes  to  consume  a  large  field  of  cotton, 
is  truly  astoniehiug.  They  not  only  do  material  injur*  lo  the  cotton  olant,  by  de- 
stroying the  yonng  fcait,  but  by  the  destruction  of  the  leaves,  the  plant  it«elf  la 
injured, or  a  new  growth  caused,  which  essentially  injure  the  larger  pods,  cansinr 
some  to  open  prematurely,  and  others,  in  cousequenoe  of  a  want  of  sap,  to  perish 
without  aver  expanding. 

"Added  to  this,  they  injnro  the  ripe  cotton,  by  tbe  dirt  and  filth  which  they  cause, 
and  by  webbing  in  tbe  cotton  itself,  aa  they  frequently  do,  either  stain  it  by  being 
mashed  in  it,  or  when  hatched,  the  shell  of  the  pupa  remains,  and  passes  through  the 
gin  rollers  along  with  the  cotton.  In  about  ftfteeu  days  tlioy  begin  to  swell,  and 
rolling  np  a  leaf  by  means  <>t  filaments  which  they  attach  to  it,  tbey  completely  en- 
velope themselvee,  and  in  this  manner  pass  into  the  pupa.  It  is  not  a  matter  of  any 
conaeqnonce  what  leaves  they  use,  but  in  general  they  resort  to  the  cotton  leaf,  or 
those  growing  in  its  neighborhood ;  and  it  is  not  an  oncommon  thing  to  see  several 
thus  webbed  on  one  leaf,  or  to  see  a  twig  wbere  every  leaf  bos  one  embedded. 

"  The  pupa  ia  of  a  dark  chocolate  or  chestnut  color.  .When  touched,  if  alive,  it  al- 
ways moves  its  Joints.  They  remain  in  this  slate  from  fifteen  to  eighteen  days,  wbeD 
the  molh  makes  its  appearance.  This  is  during  the  summer;  but  when  they  web, 
for  the  lust  time  in  the  fall,  the  larva  retires  to  the  woods  or  some  convenient  place, 
where,  uniting  several  dried  leaves,  it  attaches  them  to  a  limb  by  means  of  a  filament, 
2  or  li  feet  in  length,  and  retiring  into  its  cell,  pusies  into  the  pupa,  which  remains  iii 
thiaslate  until  the  ensuing  spring.  Tbe  exact  period  of  their  hatchiug,  varies  accord- 
ing lo  the  temperature  of  the  winter  and  spring  months;  and  it  is  undoubtedly  for 
this  reason  that  they  retire  to  the  woods,  which  being  of  a  more  equal  temperature, 
does  not  expose  them  so  much  to  the  cold,  and  they  are  also  protected  Itma  tbe  vio- 
lence of  the  winds. 
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"  When  these  inaeota  first  appeared,  tiuIodb  sttempta  were  made  to  destroy  themj 
bnt  so  rapid  is  their  increase,  tnat  nothing  done  by  the  hand  of  man,  hoa  been  able  to 
diminish  their  nnmbera,  so  as  to  b«  in  the  leant  perceptible.  Nor  ia  it  probable  thai 
anythinjE  will  destroy  them,  eiceptine  such  causes  as  have  already  been  related;  viz, 
powerful  Btorma  of  wind  and  rain,  and  their  own  prodiKioiis  nnmbers  destroying  their 
food  before  the  completiun  of  the  sDoimeT  season.  ThePalma-CbrlsIinnd  Bennebave 
both  been  said  to  ke«p  them  away  from  the  cuttoa,  and  I  have  known  them  planted  for 
that  purpose  abont  the  cotton  fields,  bnt  vithoat  producing  any  good  eftect ;  and  1 
believe  that  the  planters  are  now  satisfied  that  they  ate  useless." 

Debcbiptioms  of  TBS  EABUKR  STATES  ov  Alktia  xttjna  (Say).  . 

Eoo. — Diameter  0.6°™,  plano-convex,  oireular.  Around  its  center  are  grouped  three 
aeries  of  elongate  either  pentagonal  or  hexagonal  cells,  the  middle  aeries  largest,  this 
oeatrsl  area  or  mlcropile  snbpentagonal ;  radiating  ribs  qnito  sharp  and  somewhat 
wavjr,  from  35  to  40  in  iinmber,  and  about  half  of  them  more  or  less  ehorteued ;  cross 
ribs  12  to  14  in  nnmber.  Color,  at  first  a  delicate  bluish-  or  sea-green,  becoming  a 
more  dingy  yellowish- green  when  near  the  hatching  period.  Empty  shell  white, 
glistening  and  traosparent. 

Larva.  I'irii  Stagt.— Length  when  just  from  egg  1.4""" ;  quite  slender.  Head  im- 
maculate, much  larger  than  Joint  1.  Legs  very  long,  except  first  two  pairsof  prolegs, 
which  are  rudimentary  and  scarcely  petoeptible.  Color  almost  white,  with  a  faint 
tinge  of  green.  Head  pale  yellow,  oeelli  block.  Pilifeious  warts  blackish  (see  Fig. 
2,  p.  fi),  each  giving  rise  to  a  slender  dusky  hair. 

Swomd  Stag*. — Length  Just  after  molt  3.&™>,  similar  to  previoiu  stage,  except  that 
the  vrarta  of  the  body  become  more  distiuot,  and  that  the  characteristic  black  spots  of 
the  head  appear,  11  each  side,  each  furnished  with  »  stiff  blackish  hair.  The  rudi- 
mentary legs  are  also  somewhat  longer. 

TAIrdiStniis.— Length  6™".  In  this  stage  the  final  markings,  or  those  of  the  fnll- 
growD  larva,  begin  to  show,  though  there  is  much  variation  in  color.  The  moat 
strongly -marked  individnula  have  a  broad,  deep  black,  mediodorsal  stripe,  bordered 
each  aide  by  a  fine,  clear  white  line ;  the  sides  and  venter  are  whitish  or  yellowish- 
white,  the  sides  often  slightly  dusky  and  with  a  faint  Judication  of  the  white  sub- 
stigtoatal  line ;  stigmata  very  small  and  dnsky.  Head  orange  ;  pilifereus  spots  with 
a  white  or  yellowish  annulus. 

Fourth  Staga. — Length  9°>™.  Colors  bright  and  lluea  more  dlatinotly  contraating. 
lu  the  dark  specimens,  a  narrow  black  line  borders  the  white  subdoisal,  the  aides  are 
more  dusky,  and  the  pale  snpro-stigmatal  line  more  distinct. 

F^\  Stage. — Length  abont  16''>°'.    Coloration  similar  to  that  of  the  prevlons  stage. 

Sixth  or  Uut  larval  Stagt.—Litagth  vheu  full  grown  38  to  40'°>".  Slender,  tapering 
aombwbat  toward  both  ends.  Head  small,  round,  free.  Lega  of  normal  number,  hut 
the  firet  pair  of  prolega  atrophied.  Head  more  or  leas  orange  or  ochre -yellow,  marked 
with  30  regularly  arranged  black  spots ;  antnnnte  3-Jointed,  the  first  Joint  large,  coni- 
cal, Seohy;  second  J olut  shortest,  often  not  visible,  being  withdrawn  Into  the  first; 
third  joint  slender,  about  as  long  as  the  first,  slightly  thickest  toward  apex ;  its  tip 
obliquely  tmnoated,  bearing  a  small  enbjoint,  a  short  slender,  fieehy  tubercle,  and  a 
long  bristle  and  a  shorter  hair  at  its  outer  extremity.  OceUi  6,  clear,  colorless: 
mandibles  atrong,  pale  yellowish  or  greenish ;  tip  blackish,  with  rather  dull  teeth. 
Color  of  body  variable.  Black  stripes  and  markings  of  the  dark  specimens  are  deep 
velvety  black.  Kormal  color  green,  with  longitudinal  lines  of  a  white  or  yellowish 
color,  asfollowa:  A  fine  medio- dorsal,  aratherbroadetsub-doisal,  and  coincident  with 
this  last  and  about  the  same  width,  a  supra-sligmatal,  and,  finally,  asob-stigmatal,  the 
distance  between  the  last  two  being  about  twice  that  between  the  previous  two.  In 
the  pale  specimens  the  medio-dorsal  white  line  is  almost  alnaysrelieved by  two  black 
lines,  or  rather  by  a  black  border  on  either  side,  bnt  the  whole  dorsum  is  more  or  less 
dusky,  and  in  the  darkest  specimens  it  may  be,  including  the  cervical  shield,  qnite  black, 
aa  also  interspaces  between  the  lateral  lines.    The  snpra-stigmatallinein  the  darkest 
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speciini-iiH  broadens  at  the  Butaros,  prodacing  tbereb;  a  row  of  more  or  le«  distbet 
yellowisli,  alightlj  swolleii  apotji  In  theregionof  theBtigmatft.  All  warte  mrrODndcd 
li;  a  white  annulas,  those  od  daranm  sometimes  obsolete.  Stigmata  biownish  irith 
nhito  anaulus.  ADs]plat«3'elliiwi8ltviIh  a  tranvrerBerowof  foarlargerhlaekspcit^ 
and  f  JOT  smaller  onea  at  jiOBterior  margin.    All  legs  yeUowUh. 

Pui'A. — Average  length,  18™'°.  General'color  dark  brown ;  posterior,  Sexile  poiliM 
of  abdominal  Joints  4-G  darli  yellow ;  head,  thorax  and  wing-sheaths  very  finelj  and 
closol;  granulate ;  abdomen  also  finely  grannlate,  the  gran nlationa  coucave  in  the 
•  center;  ficxile  bordets  very  finely  punctate.  Head  ratheT  email,  well  set  off  ^m  tlK 
thorax.  Wing-oaMs  broad,  reaching  to  poatorior  margin  of  the  fotirth  abdamiiu] 
joint.  Cremoater  dark  brown  or  blackish,  ample,  parallel,  ronnded  at  tip,  sligbll; 
bent  ventrally  whore  there  is  at  base  an  anal  concavity  ;  mgose,  with  etrong  caiini 
dorsally,  extending  to  base  of  tenuinal  joint;  booklets  yellowisli-bntwn,  «igbt  in 
number,  two  dorsal  and  two  lateral  abort,  and  foDC  tenninal  which  ^re  longer,  tbc 
middle  pair  longest. 

NOTK  4  (p.  6). — In  alcoholic  specimens  tlie  first  pair  often  appear  aa  mere  taberrlH 
without  clasping  hooks,  bat  these  really  exist,  though  withdrawn  from  sif;ht.  Tit 
legs  arc  perfect,  therefore,  and  unipl;  atrophied.  In  this  respect  the  Ixttb  of  JMk 
xylina  (Say)  differs  from  that  of  AninitU  teiana  Bilej,  which  occurs  in  South  Tbu>> 
for  in  this  last  species  the  claspers  are  wanting  and  tho  legs  really  otwolete  and  re- 
placed by  mere  tubercles.  Otherwise  the  tesemblance  between  the  two  larva  is  nKb 
as  to  canse  them  to  be  easily  confounded. 

'Sots  5  (p.  7). — Tho  larva  of  Plwia  Jyau*  Grote  Is  not  uncommon  In  spring  wd 
early  summer  on  cotton.  Being  a  semi-looper  and  bearing  In  color  and  mode  of 
pupation  a  general  resemblance  to  the  AJotia  larva,  it  la  oflen  mistaken  thoelbr  by 
planters.  It  is  invariably  pale  green,  withoat  dark  shades,  and  may  have  helped  to 
the  popniar  belief  in  the  fint  worms  being  green.  But  while  we  hftve  Invariably  liKud 
dark  individuals  among  the  earliest  and  thronghont  the  snmmei  generations,  wevtn 
struck  daring  a  trip  made  October,  1879,  throngh  Mississippi,  Alabama,  and  Oeoi^ 
bj  their  great  preponderance,  the  intensity  of  the  black  (often  obliterating  the  vtiitc 
annnli  and  subdorsal  stripes),  and  the  early  stage  of  growth  (often  after  the  dm 
molt  and  very  generally  aft«r  the  second)  in  which  it  appeared.  In  the  apring  and 
early  summer  the  black  is  moK  often  confined  to  the  fifth  and  sixth  atagea. 

KoTE  C  (p.  7). — The  young  larva  of  Splloionia  acrea  makes  somewhat  similar  Iwt 
larger  blotches. 

Note  T  (p.  H). — Mr.  Schwarz  succeeded  iu  feeding  one  fh>m  the  hat«hiDg  pniod 
till  it  transformed  to  chrysalia  on  a  species  of  Morning-glory  (IpoBueaoomm^Uita  Botm. 
&  Gch.),  but  the  chrysalis  was  imperfect,  and  finally  perished.  We  find  that  qailt 
a  number  of  persons  believe  tbat  the  worm  feeds  on  Abatilon  and  Pokeweed  (Fiftt- 
latxa"),  but  the  belief  rests  solely  ou  tho  fact  that  these  plants  are  often  defoliuf^ 
when  tho  Cotton  \Vorm  is  stnpping  tho  cotton  fields.  Iu  the  caec  of  Phytolacca  it  i) 
an  entirely  diflereut  worm  (tho  Geomolrid  Fhilereme  albosignala  Packard)  whi'li  dosi 
the  work,  and  the  same  is  doubtleas  true  of  tbe  Abatilon.  Mr.  Phillip  Winfi«,  of 
Mulberry  Creek,  La.  (De  Bow's  Ind.  Ees.  of  S.  &.  S.  W.,  1852,  p.  173),  rcmarki  Hit 
it  feeds  in  lUo  West  Indies  on  a  plant  called  the  salve  bnsh,  resembling  soniewhit 
the  common  Hallein.  There  is  great  liability  to  error,  however,  in  obBerratiooa  of 
this  kind,  on  account  of  the  great  resemblance  in  the  earlier  larval  stages  of  seven! 
closely  allied  species.  This  subject  of  possible  food-plante  of  Alelia  xglina  is  moR 
full}'  considered  in  Note  15  of  this  same  report. 

NoTi',  H  [p.  9). — Tho  mole  genitalia  in  this  species  are  remarkable  for  having  t«o 
e:ilciislli:  organs,  usually  retracted  and  showing  as  dense  tnflsof  hair,  bnt  eapaliledr 
extcuslon  to  thrice  the  lenglh  of  Hie  rest  of  the  armature :  also  for  two  attenniltd 
donblc-Jointcd  spines  which  lio  when  at  roet  in  a  sheatb  on  one  aide  of  the  p«ii)i 
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yrifh  the  points  exteodiug  beyond  It,  but  which  ia  action  bend  back  at  right  angles 
there&om.     (See  also  Note  2S^ 

IfoTX  9  (p.  IQ). —  See  the  article,  Nectar  .*  wkal  t(  t«  and  tome  of  U»  veei,  by  William 
Trelease,  published  in  the  Eepoct  opoa  Cotton  Insects,  Department  of  Agriculture^ 
I8T9,  pp.  319-343.  Jn  this  article  the  author  diacnsses  especially  the  eltra-ijoral 
nectar  glands  of  the  cottou  plant  and  their  relation  to  Aletio.  Heconclndes  thAttb» 
glaiids  of  the  cotton  plant  seem  to  have  been  piodnced  to  secare  the  protection  of  the 
leaves  and  floweraof  the  plant  from  leaf  and  petal  eating  Insects,  lihe  ants,  bnt  at  the 
some  time,  since  the  introduction  of  the  Cotton  Worm,  the  glands  have  become  inja- 
rioDS  to  the  plant  by  attracting  the  moths  at  night,  which  alternately  sip  nectar  and 
oviposit  npon  the  leaves.  The  tendency  now  wonld  natnrally  be  to  reniove  the  glands 
by  natural  selection,  but  this  is  opposed  by  the  methodical  selection  of  man,  whc  in  his 
desire  to  prodnce  a  good  staple  and  avigotonagrowthpayano' attention  to  the  jjower 
foi  secreting  (leotar,  and  as  this  function  does  not  cause  any  drain  on  the  energy  of 
the  plant,  it  stands  no  chance  of  being  removed. 

NOTX  10  (p.  12}.— Referring  to  the  eitreme  rapidity  with  wiiich  the  broods  follow 
one  another  in  midsummer,  no  made  use  of  the  following  paragraph  in  onr  address 
before  the  Atlanta  Cotton  Convention,  November  4, 1881  (see  Bibliographical  list} : 

"The  first  worms  appear  mnch  earlier  than  was  formerly  SDppoeed,  viz.,  from  the 
middle  of  April  till  the  middle  of  May,  in  the  Bonthem  portion  of  the  cotton  belt. 
The  fact  that  these  early  wonns  generally  aCtract  no  attention,  and  that  the  species 
seldom  acquires  disastrons  force  till  the  third  generation,  has  given  rise  to  the  erro- 
neous notion  of  later  first  appearance.  There  are  also  many  more  generations  than 
has  been  supposed,  seven  or  more  being  produced  toward  the  Gnlf,  the  last  enduring 
tiU  frost  cnta  it  off.  Wtieu  I  tell  yon  that  in  addition  to  this  rapid  succession  of 
liroods  the  moth  is  one  of  tbe  most  prolific  with  which  I  am  acquainted,  capable, 
in  fact,  nnder  favorable  circumstances,  of  laying  atx  or  seven  hnudred  eggs,  yon  will 
no  longer  vondei  at  its  destrnctive  capacity.  The  progeny  of  a  single  female  may, 
in  less  than  two  months,  under  the  iuSnence  of  midanmmer  temperature,  reach 
twenty  billions,  while  yon  all  hnow  that  half  a  dozen  worms  to  a  plant  are  sufficient 
to  jeopardize  tbe  crop.  Wby,  were  it  not  for  the  variona  natural  checks  upon  the 
increase  of  the  species  in  geometrical  ratio,  snccesafnl  cotton-culture,  with  all  our  im- 
proved methods  for  destroying  the  pest,  wonid  be  ntterly  Impossible.  Remove  the 
barriers  and  the  flood  comes.  The  occasional  impot«noe  of  thenatural  checks,  through 
one  oaosooranother,  very  quickly  gives  the  Cotton  Worm  the  mastery  in  the  strnggie 
for  existence,  and  precipitates  It  npon  ne  iu  mnltitniies  almost  as  if  by  magic." 

NoTB  11  (p.  12).— This  is  well  illustrated  by  a  fact  communicated  by  Dr.  D.  L. 
Fhares,  of  Woodville,  MIbb.,  viz.,  that  the  worm  usually  begins  its  work  of  destrao- 
tion  in  Uadisou  County  from  three  to  aix  weeks  earlier  than  in  Wilkinson ;  the  former 
on  latitude  33'',  and  tbe  latter  resting  on  31°.  At  Madison  station,  in  the  southern 
part  of  Madison  County,  tbe  thermometer  marked  the  extreme  low  temperature  of — 4° 
F.  during  the  winter  of  1879-'79,  while  at  Woodville,  only  about  two  degrees  farther 
sooth,  the  lowest  temperatore  noted  was  14°  F.,  or  a  difference  of  18°. 

KoTB  19  (p.  12). — In  this  connection  we  quote  the  following  note  on  hibernation 
boax  the  American  NaturalM  for  April,  It^t.  It  isabrief  abstractof  apaperreadbyiu 
before  the  Ami^rican  Association  for  the  Advancement  of  Science  at  tho  Montreal 
meeting  in  1862: 

"The  HiBERNATio.f  o»  Alexia  xyli.va.  Say,  in  Tint  Umtbd  States  a  BKTn.KD 
Pact.^I  have  already  shown  in  previous  remarks  before  the  association  that  there 
were  various  theories  held  by  competent  men — both  entomologiata  and  planters — as 
to  the  hibernation  of  this  AIctia(tbe  common  Cotton- Worm  of  the  South) ;  some  be- 
lieving that  it  hibernated  in  tbe  chrysalis  state,  some  that  it  survived  in  the  moth 
state,  while  still  others  contended  that  it  did  not  hlliernate  at  all  in  the  United  States. 
1  have  always  contended  that  the  moth  survived  within  the  limits  of  tbe  United 
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States,  and  in  this  paper  the  fact  of  Its  bibematiou,  principally  nnder  the  sholtec  of 
rank  nim-graaa,  ia  established  from  obserratloDs  and  ezperimenta  made  datlDg  the 
winter  and  spriug  of  1881-'2.  The  moth  has  been  taken  at  Archer,  Fla.,  dnring 
ofery  winter  mouth  nntU  the  early  part  of  March,  when  it  began  to  di^ppear,  but 
not  until  eggs  were  foand  deposited.  The  first  brood  of  wonns  was  fonnd  of  all  eiie* 
during  the  latt«r  part  of  the  same  month  on  rattoon  cotton,  while  cl^rysalides  and 
freah  moths  wore  obtained  during  the  early  part  of  April. 

"The  faot  thus  established  has  this  Important  bearing: 

"  Whereas  upon  the  theory  of  annaal  invasion  from  Bome  exotic  country  there  waa 
no  incentive  to  winter  or  spring  work  looking  to  the  destraction  of  the  moths,  there 
is  now  every  incbntivo  to  such  action  as  will  destroy  it  either  by  attracting  it  dnring 
mild  winter  weather  by  sweets,  or  by  buTolng  the  gtaai  nndei  which  it  shelters.  It 
should  also  be  a  warning  to  cottoa-gronor^  to  abandon  the  slovenly  method  of  cul- 
tivation which  leaves  the  old  cottou-stalkB  standing  either  nntil  the  next  crop  ia 
planted  or  long  after  that  event ;  for  many  planters  hare  the  habit  of  planting  the 
seed  in  a  furrow  between  the  old  rows  of  alalks.  The  most  careful  recent  reaearchea 
all  tend  to  confirm  the  belief  that  Gossypium  is  the  only  plant  upon  which  the  worm 
can  feed  in  Ihe  South ;  so  that  in  the  light  of  the  facts  presented  there  is  all  the 
greater  iucentive  to  that  mode  of  culture  which  will  prevent  the  growth  of  rattoon 
cotton,  since  it  is  questionable  whether  the  moth  will  survive  long  enough  to  perpet- 
uate itself  upon  newly  sown  cotton  except  for  the  intervention  of  the  rattoon  cotton." 

KOTX  13  (p.  13).— These  observations  have  been  made  mora  particularly  upon  the 
Army  Worm  {Ltucania  tmlpuncta)  and  the  Rocky  Mountain  Locust  (_Caloptetttu  tprttat), 
and  bear,  of  courso,  upon  the  successive  batching  within  the  limits  of  liiberaating 
regions  rather  than  upon  the  northward  spread  of  the  insects  outside  of  these  limits. 
(See  Eighth  Missouri  Entomological  Report,  p.  47,  and  Fiiat  Report  United  Statea 
Entomological  Commission,  p.  23-i.) 

Note  14  (p.  13).— Dr.  Phares  is  the  only  writer  who  lias,  so  far  aa  we  can  learn,  re- 
corded as  many  as  six  generations  from  July  6, 1S69,  till  frost. — Ssral  CaroUntan,  1, 
p.  695. 

Note  15  (p.  15). — In  reference  to  this  subject,  ne  quote  Ihe  following  on  the  poe- 
^ble  food-plants,  published  by  us  in  the  Jmrrican  ^aturalut  for  April,  1S83,  pp.  327- 
328:  "One  of  the  most  interesting  characteristics  of  the  Cotton  Worm  is  that  it  is 
ao  strictly  confined  to  cotton  as  its  food-plant.  All  attempts  hitherto  made  to  dis- 
cover additional  food-plants  have  proved  futile,  nor  have  we  been  able  to  ever  make 
it  feed  anccessfnlty  on  other  plants  allied  to  Gossypium.*  We  have,  however,  long 
felt  that  there  must  be  some  other  wild  plant  or  plants  upon  which  the  speoiee 
can  exist,  and  this  belief  has  been  all  the  stronger  since  it  waa  demonati'at«d  two 
years  ago  from  observations  made  by  Dr.  P.  R.  Hoy  that  the  larva  may  occur  In 
Wisconsin,  and,  consequently,  out  of  the  range  of  the  cotton  belt.t  We  have  given 
special  directions  to  those  in  any  way  connected  with  the  Cott«n  Worm  investigation 
to  search  for  ench  additional  food-plants,  but  so  &r  no  additional  food-plant  has  l>e«n 
discovered.  Last  November  we  received  from  Dr.  J.  C.  Xeal,  of  Archer,  Fla.,  specimma 
of  a  plant  with  eggs  and  newly-hatched  larva)  which  be  believed  to  be  those  of  Aletia, 
but  which  belong  to  an  allied  species — the  Anomia  eroia  Guan.  The  plant  proved  to 
be  one  of  the  Mnlvacete  <  Urena  lobala  Linn.),  which  is  reported  es  quite  common  in 
that  part  of  Florida  and  farther  south,  being  a  tall,  branching,- and  straggling  weed 
with  annual  stems  and  perennial  root,  from  which  new  ahoote  arise  in  January.  It 
blooms  from  February  to  December,  and  is  a  valuable  fiber  plant,  the  bark  of  both 
stem  and  root  being  very  strong,  and  used  very  generally  for  whip  and  cording  pur- 
poses. The  leaves  have  three  very  conspicuous  saccharine  glands  on  the  principal 
veins  toward  the  leaf-stem,  and  the  plant.  Dr.  Neal  reports,  is  much  leas  sensitive  to 

*  The  otity  partial  snccesa  in  this  line  is  that  already  referred  to  in  Note  7. 
t  See  Report  on  Cotton  Insects,  Department  of  Agrioultore,  1879,  p.  89. 
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cold  or  frost  than  Oossypiani.  We  find  that  the  pUot  hM  been  received  by  Dr. 
Vase;,  botaniat  of  the  Departmont  of  Agricnltnre,  tioia  several  parties  in  tlorido, 
with  laqDiriesMi  to  the  valneof  the  fiber.  Drena  lobatawoi,  until  vei7 recently,  net 
knovrn  to  occur  in  the  United  States.  It  is  common  on  dry  hiU  paetuiea  almost 
«vcTy  where  in  the  West  Indies  and  Bonthnard  to  Gniaaa  and  Brazil,  and  ia  also  re- 
ported fh)m  WesterD  Africa,  Bast  Initiee,  China,  and  some  of  the  Pticiflo  islands. 
It  Bcetns  to  thrive  very  well  id  Florida,  and  is  likely  to  spread  to  other  adjacent 
States. 

*>The  Anomii  eroia,  the  eggs  and  yonnfi  larvte  of  nbich  were  not  uncommoD  on  the 
Ii>aves  of  the  Urena,  may  be  diatinguisbed  from  Aletia  by  the  paler,  more  translucent 
character  of  both  egg  and  larva,  and  by  the  fint  pair  of  piolegs  being  quite  obsoleto, 
in  n'hich  character  it  resembles  the  Ononis ezao(a[(eiii]ia]  that  affects  cotton  in  Texas. 
Aletia  larvie  that  bad  been  fed  on  cotton,  when  placed  upon  the  Urena,  refused  to  feed 
llI>OD  it,  and  finally  perished. 

"We  tecenriy  took  occaeioD  to  carefully  examine  the  Malvaceons  plants  in  the 
faerbariiim  of  the  Department  of  Agricnlture  with  some  quite  interesting  results,  b1- 
thongh  a  herbarium  is  naturally  the  least  favorable  place  one  can  choose  for  an  ento- 
mological investigation  of  this  character,  as  planta  that  arc  least  injnred  bj*  iusectA 
are  &OBt  apt  to  be  collected,  and  the  mode  of  preserviDg  the  plants  stilL  further 
reduces  the  chances  of  finding  traces  of  Aietia,  because  only  one  side  of  (he  leaf  ia 
available  for  examination.  How  small  this  chance  is  may  be  illnatrated  by  the  fact 
that  on  the  specimens  of  Goaaypium  in  the  herbarium  no  Aletia  eggs  or  egg-shells 
conld  be  discovered,  and  that  only  one  speoiuien  showed  any  trace  of  being  injured 
by  any  insect  whatever.  Nevertheless  a  number  of  eggs  or  fragments  of  such — some 
of  tbnin  from  their  structure  very  closely  related  to  A|etia — were  foond  on  the  follow- 
ing plants;  ilahattrvnupieatvtit,  from  Florida  and  Nioaragna;  ^r#iHi  ri^Mui  (which 
ia  considered  a  form  of  U.  lohaUt),  from  Sonthera  Florida;  ratonia  ti/phaleaideit  &om 
Cnba;  Sfda  ^(omerafa,  from  Cnba. 

"One  object  of  this  exwnination  was  to  discover,  if  posaihle,  the  particular  Halra- 
ceous  plant  upon  which  Aletia  feeds  in  the  States  north  of  the  cotton  belt,  bnt  this 
proved  to  be  an  almost  complete  failure,  because  the  herbarium  contained  only  mx 
specimeDS  of  such  plants  from  the  more  northern  States,  not  counting  sixteen  speci- 
mens cultivated  in  the  agricnUnral  grounds  at  Washington.  However,  on  a  specimen 
of  Sida  apinoia,  from  York  County,  Pennsylvania,  an  egg  wae  found  which  has  every 
appearftnce  of  that  of  Aletia. 

"  We  wonld  earnestly  call  npon  entomologists  who  may  read  these  pages  to  aid  us 
in  obtaining  evidence  of  the  food-plant  of  the  insect  In  the  more  northern  States  by 
an  examination  of  the  plants  indicated  by  an  asterisk  In  the  following  list,  as  it  Is 
□pou  saoh  that  the  insect  will  probably  be  fonnd  at  some  future  time,  bat  only  late 
in  the  reason: 

LOCAUTIEB  FOR  MALVACKOCS  PLANTS  FROM   ORAT'8  FLORA. 

Althtea  oj)!ciB(tIi«  L. — Salt  marshes  coast  of  New  England  and  New  York.    \Nat.  from 

Eu.) 
Atalva  rotundifalia  L. — Waysides  and  cultivated  giouqds,  common.     (Nat.  from  En.) 
gylvtttrit  L. — Waysides.     (Adv.  from  Eu.) 

moiekata  L'. — Has  escaped  from  gardens  t«  waysides.     (Adv.  from  Eu. ) 
alcea  L. — Has  escaped  from  gardens  in  Cheater  County,  Pennsylvania.    (Adv. 
from  Eu.) 
CaUirrhoiHriangulala  Gray. — Dry  prairies,  Wisconsin,  Illinois  and  southward. 

afctntiifni  Qray.^ — Barren  oak  lands,  Soulhom  Rontucky  and  Tennessee. 
Nap<Ea  dMra  L.~-Limestone  valleya,  Pennsylvania  and  southward  to  the  valley  of 

Virginis,  west  to  Ohio  and  Illinois,  rare. 
'ifalttutnm  anguttKtn  Groy.— Rook  Island  in  the  Miwisaippi,  Illinois. 
*  woe[n«itm  Gray.— Abounds  on  the  plains  from  Iowa  and  Minnesota  wast- 
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'iSida  napaa  Cav. — Rocky  river  banbg,  PennaylvBDio,  York  Connty ,  Eanawlift  Connty, 
Virginia.     (CuitivaUd  in  old  gatdens.) 
tUioitii  T.  &  O. — Sandy  soil,  Sou tbern. Virginia  and  aonthward, 
*         ipinosa  L. — Waste  places,  common  Boutliward. 

AbuUloh  avicenna  GtarUi. — Waste  plocen,  escaped  fiom  gardoDH.    (Adv.  from  Iiuli».> 
Modiola  multif\da  Mranch. — Low  grounds,  Virginia  and  southward. 
Kotteletikya  flrginica  Presl. — Marebes  od  tbe  coast,  New  York  to  Vbginla  and  south- 

HMtcus  moBcheutoi  L. — Brackisli  marsbes  along  the  coast,  sometimes  extending  up 
rivers  fer  beyond  the  inSDense  of  salt  waier  {■«  ftbova 
Harriaburg,  Fenna.),  also  Onondaga  Lake,  New  York,  and 
westward,  OBaalljr  wittiin  the  influence  of  salt  apriags. 
grmndijlorut  Miohi. — Illinois  and  sontbward. 

miUtarit  Cav.— Biver  books,  PeoDnaylvania  to  Illinois  and  sonthwud. 
tritmtan  L. — Escaped  fivm  gardens  or  grounds.    (Adv.  from  Ea.) 
tyriacui  L. — Escaped  ftom  gardens  or  groanda.    (Adv.  trom  Eo.) 
Note  16  (p.  17). — We  append  a  description  of  the  larva  of  Atpllit  tirmemt: 
Smooth,  eon,  translncent,  with  tbe  normal  comptemeut  of  16  legs.    Color  either 
green  orlilaceooa.    Finely  apeokled,  with  pale  yellowish  spots  (appearing  noder  the 
lens  as  fleshj-  elevations),  arranged  in  a  somewhat  longitudinal  manner,  and  fonning 
along  the  Btigmatal  region  a  tolerably  well  marked  band ;  tbe  stigmata,  which  aT«  in 
the  upper  portion  of  this  bond,  being  black,  wllb  acameoos  center  and  white  anna- 
lation.    Filiferona  apota  in  noimal  position,  very  small,  dark,  with  a  paler  annola- 
tioD ,  the  hairs  fine  and  tranalttcent.     Tbe  two  poaterior  Jointa  aomewhat  sqnarely 
CDt  otf.    Head,  thoracic  legs,  and  cervical  shield  polished  and  slightly  more  yellow 
than  body. 
Fall  grown  in  July ;  imago  issuing  in  Angust  of  same  year. 

Note  17  (p.  16).— -Both  in  1878 and  1679 Mr.  Schwarz  traveled  throoghonttlMBOath- 
em  portion  of  the  cotton  belt  and  visited  the  Bahamas,  one  of  bis  special  instractJonB 
being  to  learn,  if  possible,  something  definite  as  to  the  winter  quarters  of  the  moth. 
The  gist  of  his  roaolts  ia  given  in  a  report  published  in  Appendix  I  in  the  Beport  upon 
Cotton  Inieots,  Department  of  Agriculture,  1879,  pp.  347-349,  while  he  also  furnished 
FrofcHsor  Comstock  (iMd.,  pp.  349,  3oO)  with  a  fair  snmmary  of  tbe  eoneluGious  that 
we  bad  then  eome  to  both  f^om  his  obaerrations,  our  own,  and  those  of  othen  in  the 
iuvestigation  then  being  pursued. 

Note  16  (p.  ie).~~The  Flatyhspttia  toabra  (Fabr.)  of  Orote'a  List.  lU  larva  is  graas- 
green  in  color,  with  a  medio-doraal  and  sub-dorsal  lines  of  a  darker  grren,  the  latter 
bordered  below  by  a  whitish  line.  It  is  oyiindrical  and  with  but  three  pairs  of 
abdominal  prolegs.  It  feeds  on  clover,  and  also  on  liobinia.  The  chrysalis  is  formed 
in  some  sheltered  sitnalion  and  aunounded  with  white  silken  thresda;  is  dark  and 
slender  likt!  that  of  Aletia,  but  the  tip  is  armed  with  two  strong,  alightly  diverging 
spinea.  In  Missouri  this  chryaalia  may  be  found  under  bark  during  winter,  and  tt 
donbllcssbiberDateain  both  chrysalis  and  imago  state  in  the  South,  (See  chapter  XV.) 
Note  19  (p.  19). — Ournotesishow  that  larva)  of  this  species  (Pfto&eriaoim»ari»Hiib.) 
were  found  at  Saint  Louis,  Mo.,  May  13,  I87;i,  on  oak  and  nnderchips.  Moatof 
these  had  entered  the  ground  by  the  39th  and  bad  transformed  to  pnpn  Jnne  18. 
Larvie  of  tbe  same  species  were  also  found  at  Fortress  Monroe,  Va.,  July  19,  189*2, 
near  the  base  of  a  livc-oak. 

Note  20  (p.  SO). — It  was  our  piivilrge  tofollow  the  reading  of  this  paper  with  some 
remarks  esprcsaing  our  general. Bpprccial ion  of  it,  but  urging  at  tbe  same  time  aom« 
qual  ill  cat  Ions  of  the  theory,  au<]  the  belief  that  the  insect  hibernated  in  the  more 
southern  porlion  of  the  belt.  These  rcmorfcs  seem  to  have  had  some  weight,  for  in 
the  printed  copy  of  the  paper  in  the  Frocccdiugs  of  the  Association  s  qnali^ng 
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olaaae  (not  in  the  paper  aa  read  ocaaprinled  at  the  time  in  the  New  York  2Vfbune)la 
added,  admitting  Ibe  possibilitj  of  hibernation  in  Florida  and  sonthem  Texas.  Mr. 
Grote  based  his  views  on  an  experience  had  in  irbut  is  known  as  the  central  cotton 
belt  of  Cieorgia  and  Alabama.  The  exact  uortbero  or  sontbero  limits  of  tbis  belt  aro 
not  stated,  bnt  it  inolndes  moat  of  the  cnnebrake  legion  of  the  latter  State,  and 
extends  soath  of  wliat,  in  a  broader  wajr,  we  have  defiDed  as  the  aoathem  or  bibet- 
natiag  portion  of  the  whole  cotton  belt.  The  aTgnments  against  the  thoor;  of  annual 
im migration  ate  tbercfore  based  on  experience  gained,  in  great  part,  in  the  samelati- 
tnde  and  regions  referred  to  by  Mr.  Grote.  In  1979,  Mr.  Oroto  was  connected  with 
the  Department  of  Agriculture,  and  in  tbe  work  allotted  to  bim  we  directed  him  to 
pfty  psTticular  attention  to  tbla  question  of  bibemation,  and  it  is  due  bim  to  state 
tlutt  his  investigations  in  southern  Georgia,  according  to  his  report  submitted,  led  him 
toBtlmitthepossibilityof  the  motbs  hibernating  there,  tbongh  08  late  as  JannaTy,  1979, 
be  was  reportul  as  having  confirmed  "his  theoij"  that  "the  fly  comes  from  the  West 
Indies  with  the  south  winds  everj  ;eat."  (Popular  Sdence  Monthly,  toI.  xW,  p.  406.) 
NOTB  SI  (p.  !iO}. — A  rough  division  of  the  cotton  belt  into  a  northern  and  southern 
portion  was  made  in  the  Introduction  to  the  first  edition  of  this  work,  and  we  repro- 
dace  it  here  as  a  means  of  defining  what  we  mean  bj'the  southern  portion  of  the  belt: 
Some  similar  classification  of  tbe  cotton  belt  will  also  greatly  aid  in  tbe  treatmeot 
of  this  Cotton  Worm  cjnestion,  and  as  a  temporary  olassmcation,  to  be  elaborated  in 
foture,  1  have  divided  said  lieltinto,  first,  tbe  southern  or  permanent  portion,  where  the 
first  worms  annually  ap]>ear  and  tbe  moths  in  all  probability  hibernate  ;  second,  tbe 
DOrtliem  or  temporary  portion,  in  which  tbe  insect  does  not  hibernate,  but  into  which 
it  spreads,  either  by  gradual  dispersion  or  by  more  sudden  migration,  from  the  perma- 
nent portion.  Tbe  dividing  line  l>etween  these  two  portions  must  needs  be  difficult 
to  define,  because  there  is  an  uncertain  region  that  may,  according  to  season  or  cir- 
oamatance,  belong  to  either,  aod  also  because  of  tbe  limited  observations  that  have 
yet.  been  made.  Takiug  the  earl;  appearance  of  tbe  worms  as  u  basis,  the  soathem 
portion  may  be  thus  roughly  defined :  Beginning  with  Texas,  it  includes  the  region 
soutb  of  the  Oaiveston,  Hiirrieburg  and  Sun  Autunio  Riiilroad,  excluding  perhaps  the 
extreme  western  portion,  bat  extending  somewhat  farther  north  aloi^  the  river  bot- 
toniR.  In  Louisiana  and  Mississippi  it  includes  tbe  valley  of  the  MississiBpi  River 
aud  its  tributaries,  with  uncertain  nortborn  limits.  In  Alabama  it  is  represented  by 
the  limestone  cotton  belt  soutb  of  Montgomery,  thongh  probably  extending  farther 
□oriti  to  tbe  east  of  that  point.  In  Georgia  it  does  not  extend  nortbof  Alliany  on  the 
west,  bnt  doubtless  includes  tbe  sea  islands  along  the  coast,  as  also  those  of  South 
Carolina,  though  attho  present  time  cotton  cnllivation  is  limited  to  Saint  Catharine's 
Island.     In  Florida  it  includes  all  parts  where  cottob  is  grown. 

Note  23  (p.  37).— This  claim  of  Professor  Stolle's  is  later  referred  to  in  Chapter 
XIV,  and  more  fully  discussed  in  Note  G7,  to  which  tbe  reader  is  referred. 

Note  33  (p.  56). — These  organs  in  Leacaretia  aerea  were  figured  and  again  descril)ed 
in  Papilio,  vol.  iii,  pp.  41,  42  (Fcbr.,  ie83),  by  Mr.  R.  H.  Stretch,  of  California,  and 
his  query  as  to  whether  they  had  been  noticed  at  the  East  brought  forth  notes  frotD 
A.  S.  Qrote,  of  New  York,  and  C.  M.  Weed,  of  Lansing,  Mich.  {Papilio,  iii,  p.  64,  Apr., 
1683).  The  latter  slated  that  he  had  found  simitar  organs  in  the  male  ot  Psrrharctia 
iaabella. 

Note  24  (p.  85).— Our  remarks  on  this  subject  wore  as  follows : 

"  The  worm  in  my  ealiniation  is  worse  in  wet  weather  than  in  dry, not  so  much  be- 
canse  sach  weather  is  more  favorable  to  its  duvelupmeut,  us  because  it  prevents  tbe 
niimerouH  enemies  from  so  cffi-ctimlly  performing  tbeir  accustomed  task.  The  ubi(|ui- 
toiis  aut,  ever  ready  to  pounce  opon  tbe  young  worm  when  it  is  helpless,  as  at  the 
time  of  batching  or  of  nioltiug,  and  the  many  flyiug  wnsiis,  icbiieumous  and  other  in- 
Bccts  that  constantly  search  the  leaves  for  this  soit  pn-y.  ore  hindered  iu  their  pre- 
daceons  wnrk;  while  the  worm,  relieved  of  these  watcbtul  ehccks  to  its  increase,  de- 
velops apace.  It  is  on  tbe  same  grouudH  that  I  would  explain  the  fact  so  generally 
noted,  that  the  worm  iirst  appears  iii  particular  paris  of  a  lii'Id.  Such  spots  are  gen- 
erally tho  low  and  moist  spots  where  the  cotton  grows  most  luxuriantly,  and  where 
ants  least  abound.  They  represant  Ihe  spots  of  least  molestation  to  the  young  womi." 
■     •     .     y .  1. .. — .  _i^  __  miijress  before  the  Mobile  Cotton  Exchange,  and  published 
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NoTK  95  (p.  67}. — Ad  intereetlng  iiiataDC«  of  the  appetite  of  Birine  for  Cotton  Wmiu 
is  told  by  »  writer  In  tbe  Slielhg  (Ala.)  Guide.  Two  piga,  nearly  dead  vith  obolcn, 
were  turned  iato  a  Held  of  cotton  to  graze.  Tbo  field  was  OTermn  vttli  iTonmi,>Dd 
the  pigB  fed  exolosively  npon  tbem,  recoverins  from  their  cltolera  Mid  growing  tUou 
tliediet.  Their  presence  indnced  another  "gang"  of  pigs  to  enter  the  field,  and  it 
was  snrpriiiing  to  see  with  what  activity,  and  peraiitenee  theyhnuted  tbewonii*. 
Tbe  balf-atarred  dogs  of  the  poor  fi-eedmeu  and  also  their  oats  ore  also  reported  to 
feed  upon  tbe  worms. 

Note  36  (p.  S8). — In  the  Beport  npon  Cotton  Insects,  Department  of  AgricuItDK, 
1979,  a  tolerably  complete  list  of  Southern  birds  is  given  (pp.  109-IB^),  those  nnting 
iu  IhQ  Bonth  being  eepecially  designated.  This  list  was  compiled  hyUr.BobertBidi;- 
way.of  the  Smithsonian  Institntion. 

KOTB  27  (p.  89}.— It  ie  a  qneation  as  to  how  far  the  English  Sparrow  will  be  able  to 
hold  its  own  in  tbe  extreme  eoathem  portions  of  the  country.  We  find,  upon  ccnr- 
epondence  with  the  members  of  the  American  Omitbologista'  Union,  and  Nrpeciallr 
with  members  on  the  special  committee  on  migrations,  that  very  little  seems  to  be 
known  to  omithologistfl  as  to  the  ezaot  distributiob  of  this  bird  in  the  South  and 
West.  From  other  sonices  and  from  our  own  correepondenta  it  has  obTlonsly  «. 
t«ndQd  all  over  the  South  and  is  now  eren  found  on  the  Pacific  coaat.  Bat  It  is  sleo 
eqnally  obvioos  that  in  the  hotter  portions  of  the  country  it  ie  confined  totowiuu>d 
villages,  and  has  not  become  in  any  way  an  important  factor  in  the  'sa;)pnHaion  of 
the  Cotton  Worm. 

Note  S8  (p.  b9). — Having  tamed  these  spiders  over  to  Dr.  Qeorge  Man,  with  a  re- 
qnest  that  be  make  a  brief  report  upon  them,  he  has  kindly  submitted  the  fblhiwiDg 
notes  with  tbe  accompanying  flgnrea : 

The  following  list  of  spiders  which  are  fonnd  inhabiting  tbe  cotton  plant  and  feed- 
ing on  the  larva  of  the  cotton  moth  Aletia,  certainly  does  not  compriae  the  full  nnD>- 
her  of  those  apiders  which,  hy  destroying  insects  noxions  to  agricnltniv,  deaerre  pw- 
ticulor  mention  And  description.  But  although  the  number  of  the  present  lial  iatnuJl 
and  insntScient,  the  mentioning  of  these  few  lieneficial  spiders  aeema  to  me  Jnstitted 
by  tbe  fact  that  it  is  the  first  attempt  to  draw  the  large  and  intereetinjg  order  of  Aranw 
out  of  an  nndeeerved  and  Huperstitiona  interdict  into  a  more  Meadly  lelatioa  to  dl 
The  spiders  which  have  been  observed  to  devour  the  larvo)  of  Aletia  belong  to  to. 
a,a .  r — ii; j ji..  _i. •: ^  complel*  would  probably  oompriM 


Tetragnalka  laborioia  H. 
Argiopn  fatciata  (U.)  (PI.  Laiii,  rig.  xj. 
TnERiDiOtDA.  TTteridvla  sphariila  {H.)  (PI.  LXIII,  Fig.  3). 
Thtridula  quadripnticlata  Keyserling. 
Unyphia  oomvaaU  H.  (PI.  LXIU,  Ftg.  4}. 
Euryopit  funebria  (H.). 
Tetdana  Manguloia  (kjeyserling}. 
Mivteliu  inUrJeotoT  B. 
Tbomisoida.  AfiniDKRa  amerioana  Keyaerling. 
Miaumma  aeorgiaiui  Keyserling. 
Xyiticug  gatuiriliKealui  Keyserling. 
Drassoid£.  Characantkitim  pitBaloHutii  (H.}. 
Attoid.£:.  Atlut fMoiolalut  H. 
Alla»  parrai  H. 
AUui  cardinali*  H. 
OxYOi>oiD£.  Oiyopa  viridant  H.  (PI.  LXIV,  Fig.  &}. 

The  mode  of  capturing  their  victims  difiers  with  the  difierent  fnmlliea,  but  6b»a- 
vatious  io  this  ooocectiou  are  very  limited,  though  it  may  be  stated,  with  coDside> 
ahle  certainty,  that  tho  members  of  tbe  Thomisoid,  Drasaoid  and  Attoid  families  sim- 
ply jump  suddenly  upon  tbe  larv»,  killing  them  ipalantly  by  biting  them  to  de.'vtb; 
but  the  way  Id  which  tho  smallest  and  most  frail  of  all  the  spiders  enumerated  hrn, 
the  Theridala  aplnxnita,  captures  her  pre;,  shone  so  much  intelligenoe  and  akill  tbtt 
it  deserves  a  more  ftaU  desciiption.  ) 
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Too  small  in  body  to  fbllowtbebabiteof  the  otboTepldors  with UioalighteatchsnceB 
of  BDCoeaa,  natnre  has  gifted  tbis  liltJe  lieroioe  Trith  a  highly  duveloped  Int^lluct  by 
which  she  iseDabled  to  come  victorionsoDt  of  the  m>  uneven  G((''ti  forthelarvaiaoften 
.  twenty  to  thirty  fold  larger  and  heavier. 

Let  Q8  look  upon  a  larva,  abont  half  an  inch  long,  feedinir,  nnansiiectiiig  tho  ap- 

Eroacblng  danger,  on  tb^  gncculentlearof  the  cotton  plant,  euddealy  \ee  Rce  a  Bmall 
lack  dot  not  mach  larger  than  tho  bend  of  a  pin  lowering  itself  from  a  lenf  above  to 
that  on  which  our  larva  feeda.  This  little  dot  is  the  Thendula,  and,  aiigliting  ou  the 
leaf,  she  rune  bnsily  backward  and  forward  abont  the  aluggiBh  larva,  Always  avnid- 
ittK  to  touch  and  distnrb  the  larva,  often  climbing  on  a  thread  from  oiie  aide  to  the 
other  side,  thna  anrmnnding  the  victim  with  a  nearly  invisible  Hvatem  of  tlircadH,  tire- 
teas,  adding  strenj^b  to  it,  teiiting  here,  with  all  her  force,  thedurubility  of  ouecord. 
adding  there  anolLer  loon  to  a  weak  point.  After  an  honr  or  nioro  she  hna  finiBhed  , 
her  work,  and  anddenly  disanpearB  tothenndereidtiof  the  loaf  above.  Now  the  lurva 
hecomes  reetlesa,  it  tbrona  ite  head  angrily  about,  iU  whole  body  Jerks  wildly,  it 
cndeavore  to  walk  away,  bat  la  vain  ;  it  is  held  by  iuvisibln  pawera  ;  nny,  it  it  liftad 
nil  rrum  the  leaf  and  f;nulually  and  noiaeleasty  is  boiated  to  the  nudemideof  the  leaf 
Bl>ove.  It  is  wonderfulwhat  strength  and  what  amount  of  mechanical  ingenuity  are 
here  diaplayed.  [Of  the  mechanism  of  this  boiating  an  off«n  twenty  times  heavier 
wei(-ht  by  file  apider  we  know  liitle,  asthelhrea^lBarevery  thin  and  theapider  always 
at  tiio  underaide  of  a  narrow  projection,  a  crevice  uf  a  fence  rail  or  alone,  or  tlieunder- 
eiile  of  a  leaf,  and  being  very  nby,  immediately  intcrrnpts  her  work  at  the  aligbtest 
(liHtnrbance.  According  to  my  notos  it  took  a  Theridula  one  hundred  minutes  to  lift  a 
larva,  oyer  half  an  inch  in  length,  0^  incbea  to  the  nnderaide  of  the  plate  of  my  work- 
ing table.] 

lluving  lier  pioy,  which  baa  become  cxhansted  and  motinnleaa  by  Its  frailleaa  en- 
deavors to  free  itaelf,  aecnrely  fastened  to  a  projecting  vein  of  the  leaf,  onr little  hero- 
ine now  throws  ont  by  her  hind  feet  a  maas  of  threads  which  she  fastens  over  the  larva 
at  the  same  time.  Slowly  and  at  long  intervals  does  the  larvamoveiuilsties  while  the 
little  apider  rnns  hnsily  about  it,  faatening  it  with  more  ropes  to  the  leaf;  this  takes 
another  boor,  and  now  she  cantionsly  anproiicbea  the  larva,  and  after  repeated  trials 
she  has  eeleoted  tho  right  apot,  generally  at  the  second  or  third  segment,  into  wbioh 
she  introdnctaherpoiaononsfanga.  Hours  afterward  we  can  see  thevictreaa  motion- 
less in  the  same  poaition,  aipping  the  sweet  juice  Irom  the  body  of  her  victim. 

The  following  facta  oonoaming  oneof  the  commoner  spiders  ^Oxj/ope*  viridan*)  were 
published  hy  Mr.  Habbard  in  the  Amtruian  Entomologitt,  vol.  iii,  p.  350:. 

Jvguid  38, 1880. — In  the  field  to-day  I  observed  a  spider,  Oxyopei  viridani,  eatinj;  a 
Tacliinid(t)fly.  These  large  green  spiders  are  quite  common.  I  amincliued  to  think 
tbf  y  do  not  attack  the  caterpillar.  1  watched  one  resting  npon  the  same  leaf  with  a 
worm,  to  which  the  spider  paid  no  attention.  Dnring  the  entire  morning  the  apider 
renininsd  npon  theaame  leaf,  while  the  caterpillnr  wandered  to  the  next  leaf,  and  fed 
in  plain  sight  of  the  spider  unmolested.  Another  specimen  of  the  same  spider  ran 
overaleaf^on  the  nndeniide  of  which  a  caterpillar  was  feeding.  The  caterpillar 
jerked  and  shook  the  leaf,  Imt  the  spider  paid  no  attention  to  it. 

Stplm»beT  3, — Tbis  morning  1  could  not  find  a  caterpillar  in  the  "Simpson  cotton," 
excc-pling  one  just  batched.  I  saw  the  green  Oxj/opei  feeding  npon  a  bee,  Anthophora 
or  ilngatMile,  or  some  bee  of  medium  size.  (I  did  not  aucceeil  in  securing  it.)  There 
are  many  burrows  of  a  Cidndela  larva  (probably  C.  punclalata,  which  is  abundant  in 
the  cotton  fields).    The;  (the  larvie)  capture  ants  chiefly. 

XoTz  90  (p.  10S).'-TIUCHOOBAMUA  FRETIOBA  Bltey  (Can,  Stit.,  vol.  si,  p.  161.)— 
Length  aboat  0.3""",  yellow,  the  eyes  red,  the  wings  hyaline.  Bead  wider  than  the 
thorax;  antennie  5  jointed,  jointaS  and  i  in  tbeSforminganovate  mass,  and  together 
shorter  than  joint  2 ;  Joint  5  large,  thickened,  and  very  obliquely  truncate ;  in  tbe  J 
Joints  3,  4,  and  5  form  a  more  or  less  distinct  elongate  club,  beset  with  long  bristlea. 
Hairs  of  the  wings  arranged  in  nhont  fifteen  lines.  Abdomen  not  so  wide  as  the 
thorax,  bat  as  long  as  the  head  and  thorax  together ;  in  tho  $  tbe  sidea  subparallel 
anci  the  apical  joint  suddenly  narrowed  to  a  point. 

Differs  from  Trichogratnma  vUnula  Riley  (Third  Hop.  Ins.  Mo.,  p.  158,  flg.  73,  9 )  in 
itH  amaller  size  and  uniform  pale  yellow  color,  and  also  in  tbe  form  of  the  third  and 

fourth  joints  of  tbe  antennn. 
Note  39a  (p.  104). — Thia  apeciea,  ulthongh  so  mticb  resembling  tbe  Trichogramma 

''SS  parasite,  belongs  to  tbe  family  FroctotcupidiB,  aubfamily  Mymarins.     We  have 

erected  for  it,  provisionally,  tbe  MS.  genos  Melamynuir,  and  have  given  it  the  speoiflo 

nameofalearixlfi. 


.,gle 
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NOTB  30  (p.  I04).^APAKTEij:a  alktia  Bilay.— ^Length  Z^",  g  9-  Bluk;  palpi 
white;  lalirum,  mandiblea,  and  basal  J  aim  of  anteDDn  ploeo-teatacconH,  tbP  flai^llam 
aometimes  plceous.  Legs  light  red,  the  posterior  tibiEB  wbitish  ou  the  basal  h&If; 
tips  of  posterior  tibiis,  tho  posterior  coxa  and  tarsi,  black  or  blaokiah ;  the  posterior 
femora  sometimes  dusky.  Abdomen  testaoooDS  beneath,  except  aloas  the  median  line 
and  OD  the  apical  third ;  the  edges  of  the  first  Joint  testaceons.  Wings  hyaline,  tb« 
tegnlte,  veina,  and  siigma  kHU.  Mesoscatnm  closely  pnnctnred,  opaque ;  scntellam 
spaisol;  pnuctnred ;  metathorax  obliquely  truncate,  its  posterior  face  with  a  median 
snbtmpeioidal  or  pentagonal  aiea.  Abdomen  narrow,  basal  Joint  as  long  as  one- 
half  of  the  remainder,  mgose,  its  posterior  border  excavated  in  the  middle,  remain- 
ing joints  not  eculptnred  and  not  highly  polished.  Orlposttor  not  exserted.  Badial 
vein  arising  slightly  beyond  middle  of  stigma  and  forming  a  curve  with  the  basal 
rein  of  the  areolet.  This  species  resembles  A.  ftsaliiut  Cress.,  described  btna  Cuba, 
bnt  diflcrs  in  the  coloration  of  the  legs  and  in  tho  ovipositor  not  being  thickened  at 
the  tip, 

iorra.— 4"™  in  length.  A  smooth,  memberiess  grub,  narrowing  towards  the  head 
and  thickest  near  the  posterior  end ;  the  head  nearly  as  large  as  the  first  Joint,  the 
sutures  between  the  joints  rather  indistinct.  The  month-parts  minute,  similar  to 
those  of  other  hymenopterons  parasites.  The  sixth,  seventh,  eighth,  and  ninth  joints 
behind  the  head  provided  with  a  pair  of  prominent  lateral  tubercles ;  paiis  of  slighter 
tubercles  on  the  fifth  and  tenth  Joints.  Color  white,  or  tinged  with  green  or  yellow. 
— [2Vaiu..icad.  Sot.  5<.  £oufi,iv,  p.30G;  Sep.,  author's  ed., pp.  3  and  11. 

HoTB  31  (p,  105). — Tho  only  specimen  of  the  Chalcid  bred  from  Apmuilet  aletlm  is 
mounted  ip  balsam,  and  by  accidental  pressure  has  separated  into  pieces.  From  the 
fragmeuts  of  the  antennie  and  from  the  wings  it  is  quite  evident  that  It  is  the  male 
of  some  species  ot  Eapelmiu. 

NOTK  3a  (p.  lite). — The  following  revised  description  byMr.  Howardof  Comstook'a 
Enploctms  is  from  Bulletin  5,  Barean  of  Entomology,  United  States  Department  of 
Agriculture  : 

EuPLECTRiTS  COM8T0CKII  Howsfd.  JlfiiZ«.~ Length,  LOff"";  wing  expanse,  4.T°~; 
greatest  width  of  fore  wing  0.8"",  Face  triangular,  narrowing  sharply  below  eyes, 
smooth  and  glistening,  with  a  very  few  punctures;  autennal  scape  slender,  not 
widened.  Pronotam  very  rugose,  except  at  posterior  bordor ;  mesoacutnm  somewhat 
transversely  rugose,  with  a  strongly- marked  median  longitndinal  oarina;  mesoecD- 
telhim  smooth;  metathoracia  carina  very  prononnoed  and  dividing  posteriorly  ;  me- 
tntibial  spine  nearly  as  long  as  first  two  tarsal  Joints.  Abdomen  broadening  troBi 
base  and  siibtruncate  at  tip.  General  color  shining  black  with  long  stiff  whitish 
hairs  scattered  over  thorax  ;  labrum  honey-yeltow  ;  antennal  scape  light  honey-yel- 
low, (lagelium  gradually  darker,  club  quite  dark  at  tip ;  all  legs  honey-yellow ;  abdo- 
men wilh  a  dorsal  yellow  spot  entirely  bounded  with  black  and  of  an  irrcKular  pyra- 
midal shape,  the  base  of  the  pyramid  towards  tip  of  abdomen;,  venter  ye  How- brown 
along  median  Hoe. 

Femala. — Slightly  larger ;  abdomen  more  nearly  ovate. 

Note  33  (p.  106). — We  give  here  a  description  of  this  secondary  parasite,  drawn  up 
by  Mr.  Howard: 

Elachistus  euplectri  Howard  (new  species).  JVmaie.— Length  of  body  1.8"™. 
Expanse  of  wings,  3.0^™.  Greatest  width  of  fore  wing  0.53'"°'.  Parapsidal  sntnres 
almost  continuous  with  scapular  sutures;  mtsoHCU  tell  urn  with  a  slight  notch  at  its 
anterior  border  and  a  clean  median  farrow.  Occiput  and  petiole  finely  bnt  densely 
puncturfd  ;  face  and  mesoacutum  finely  shagreened ;  meeo  scute  Hum  smooth,  with 
two  longitudinal  furrows  of  deeply  impressed  dots.  Abdomen  oval  acuminate,  with 
tlie  large  first  joint  smooth  and  shining,  slightly  shagreened  at  its  posterior  border; 
the  succeeding  joinis  all  slightly  shagreened,  and  each  with  a  transverse  row  of 
white  hairs.  Sli|;mal  vein  very  short  and  globular;  post  marginal  twice  the  length 
of  St  igmal.  Color,  dark  metallic  green ;  scape  of  antsnnie  and  all  legs  white  orfainlly 
yellowish:  ning  veins  dark  brown. 

Hale. — Slightly  smaller  than  9)  abdomen  ovate;  parapsidal  sutures  not  continuous 
with  scapular,  but  meeting  so  as  to  give  the  mcsoecutum  a  pointed  appearance.  Color; 
bead  anil  thorax  with  a  strong  coppery  luster,  bluish  beneath  ;  abdomen  bright  me- 
tallio  bine,  not  shagreened;  autennal  scape  white,  metallic  bine  at  tip.    Ui  other 
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reapeots  slmilat  to  ?.    Described  from   1^69  specimens,  bred  ftom   EupUtstnu 
corutlocidi  at  Selma,  Ala. 

This  specieB  seems  to  belong  t«  Tbomson's  third  eectioQ  uf  the  genns  EliuAUta*. 

Note  34  (p.  107).— Except  in  lacking  the  two  bristles  at  tlie  apex  of  tUe  tliird  seg- 
mcDt  of  the  abdomen  wfaicli  are  pTomineDt  iu  tarraeeKlm  (tj-pe),  and  in  other  species, 
tbi!  specimen  differs  in  no  respect  from  those  found  to  infest  the  Bocky  Jloantain 
LiocDSt  and  Calopleau*  d{ffBre»iialit  (Locnst  Plague,  &<:.,  pp.  135,136;  and  First  Ann. 
Rep.  U.  S.  Ent.  Contm.,  p.  334).  Although  in  tbo  works  here  cited  Mtractnia  is  con- 
sidored  a  -variety  of  the  common  Enropean  S.  onmaNa  it  seems  beet  to  maintain  it  aa 
a  distiuot  species  in  accordance  nith  the  characters  given  hj  Mr.  R.  H.  Meade,  who, 
in  bia  "Monograph  upon  the  British  speoies  of  Sarcophaga  or  Flesh-fly"  (Ent.  Mo. 
Ua}(.,  Tol.  lii,  p.  216  ff.,  Febr.-May,  l'fl'6),  separates  the  species  into  two  principal 
divisions,  according  as  tbo  tip  of  the.abdomen  is  red  or  is  black  or  gray.  In  a  note 
pablished  in  Baron  Osten  Sacken's  Catalogae  of  the  described  Dipt«ia  of  H.  A.,  2d 
ed.,  p.  257,  Mr.  Meade  says:  " There  is  no  specimen  in  your  collection,  however,  ex- 
actly like  the  tnie  S.  camaria  so  common  in  Europe.  There  are  some  striking  points 
of  difference  between  the  jSarMpAoira  of  America  and  Europe  generally,  the  chief  of 
vhioh  ia  that  in  the  former  species  with  one  or  both  anal  segments  red  or  yellow  pre- 
dominate, while  among  the  latt«r,  those  with  the  anal  segments  black  or  gray  are 
more  nnmeroot  than  those  with  the  red." 

The  following  additional  specific  characters  may  he  added :  Thorax  with  foor  bris- 
tles behind  the  satnre  in  the  two  dorsal  rows,  the  two  anterior  bristles  small,  the  two 
posterior  strong;  In  front  of  the  entnio  are  two  small  bristles  alternating  with  two 
of  slightly  larger  size.  There  are  no  .minnte  spines  on  the  second  longitudinal  vein 
similar  to  those  on  the  fonrtb.  The  post«Ttor  tibin  of  the  g  are  loosely  bearded  on 
the  Inner  side  with  long  soft  hairs.  The  second  abdominal  Joint  Is  not  armed  with 
•troug  central  spines,  and  the  Hpinea  at  the  apex  of  the  third  joint  are  short  and  weak. 

Note  35  (p.  109).— Taohina  alktim  Kiley  (Can.  Hal.,  vol.  xi,  p.  162).— Length 
8*°™.  Black ;  head  golden,  facial  depression  silvery,  apace  between  the  eyes  and  the 
frontal  stiipe  abont  eqnal  to  the  breadth  of  the  stripe,  bristles  of-tbe  head  black,  the 
pabeacenco  behind  and  beneath  the  eyes  white ;  anl«nnte  blackish,  palpi  teetaceons. 
Eye>B  at  a  moderate  distance  apart,  thinly  pubescent;  front  moderately  prominent; 
third  Joint  of  the  antennre  three  or  four  times  the  length  of  the  second  joint.  Thorax 
and  the  second  and  following  abdominal  Joints  more  or  less  ashy,  the  thorax  with 
fonr  or  five  longitudinal  black  stripes.  Wings  siibbyaliue.  Legs  black,  with  a 
piceona  tinge ;  tarsal  cuahiona  yellowish.  Scutellnm  and  the  sides  of  tho  first,  aeo- 
ond,  and  third  abdominal  joints  sometimes  tinged  with  reddish-brown.  No  strong 
bristles  on  the  first  and  second  abdominal  Joints  above. 

Note  36  (p.  109).  Tachdja  fratbrna  Comstock  (Annual  Report  of  Commissioner 
of  Agrioolture,  1B79,  p.  303).— Color :  General  effect  nearly  black ;  head,  face,  and  facial 
depression  silvery  white,  inclining  alightly  to  golden  on  occiput;  antonnB!,  first  and 
third  Joints  black,  second  joint  testaceous ;  palpi  testaceous;  pubescence  behind  the 
head  blackish;  thorax,  second  and  following  abdotninaljointa  ashy;  thorax  with  two 
plain  longitudinal  black  stripes  and  two  indistinct ;  flrst  abdominal  joint  black  above, 
ashy  beneath ;  femora  piceous ;  tibice  and  tarsi  nearly  black.  Eyes  finely  pubescent 
Id  other  respecta  resembling  T.  aletia  Riley.     Deaoribed  from  two  specimens. 

Note  37  (p.  110).— The  Taobinid  larva  differs  &om  that  of  Saroophaga  in  the  follow- 
ing characters:  It  is  of  a  paler  whitish  color,  the  akin  being  softer  or  lesa  cbitinized; 
the  body  ia  less  narrowed  anteriorly;  the  prothoracic  spiracles  are  lees  apparent;  a 
pair  of  spiracles  are  present  on  the  posterior  border  of  the  fourth  Joint  behind  the 
head,  which  are  not  discoverable  in  Saroophaga;  tlie  Jointe  are  not  conspicuously 
wrinkled  transversely  and  there  are  no  lateral  prominonues,  the  anterior  portion  of 
each  Joint  being  prominent  and  roughened  with  minnte  points;  the  spiraciilar  cavity 
at  theend  of  the  body  is  more  shallow,  the  spiracles  being  exposed  upon  the  obliquely 
trancated  area,  aAd  there  are  no  anal  prolegs.    TheTachliiid  jivpariKinmaybereadily 
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ilJetiDgnisbed  from  that  of  Sarwphaga  b;  the  obaoIeBoence  (or  in  some  speoies  entir* 
abMDce)  of  tbe  protboracio  epiracIeB  h>  prominent  in  Sareopkaga,  and  tbe  aboence  of 
a  cavity  for  the  anal  spiracles,  both  ends  of  the  body  being  quite  ODifonnly  rounded. 
Barthfflemy  has  described  the  Urra  of  5«Nom«fop(a  alroptvora  (Jm*.  8b.  }faL,V  a6T-, 
vii,  p.  115),  while  Labonlbbne  boa  described  both  larva  and  pnpa  of  TaeUna  vUlie* 
iAnn.  Soc.  Ent.  Fr.,Vi6l,p.Q3l,  pi.  T);  bnt  as  these  deacriptiona  are  not  nadilyaccea- 
Bible  to  tbe  American  reiwler,  I  reprodttce  from  the  Trans.  Ao.  Be.  St.  Lonis,  vol.  iii,  p. 
233-'JI19  my  tleecriptioD  of  tbe  larva  and  pnpa  of  Saroopkaga  larracenia,  and  *dd  for 
compaiieon  that  of  Belroitia  bifaeciata  (Fab.),  oiie  of  onr  largest  and  moat  beantiAil 
species,  parasitic  on  CKheroNia  regalit  and  varions  species  of  Dryocaatpa. 

Sarcopqaqa  BARRACBNI.E.  Zarea,— 0.30-0.85  inch  long.  Body  composed  of  bat  11 
visible Joiats  oxclasive  of  tbe  head;  microscopically  and  trausvenely  shagreened ; 
traasversely  wrinkled,  the  hind  wrinkle  on  each  Joint  more  partiOnlarly  promioenk 
laterally.  Head  extremely  small,  or  one-fonrtb  as  large  as  Joint  1,  showing  a  dirisioa 
into  two  maxlliary  lobes  at  the  tip  and  a  larger  labial  lobe  beneath,  with  a  small 
bnncb  of  setouB  fibres  issniog  from  it;  the  black  retractile  Jaws,  of  tbe  ordinary  form, 
iasning  between  those  lobes,  and  the  antennie  sbowInK  in  two  small  rtifons  projeotiona 
above  the  maxillary  lobes,  sparsely  armed  anteriorly  with  minnte  conical,  sharp- 
pointed  spines  deonrved  In  front,  directed  backward  beneath.  ProChoraoie  apiracl* 
.  pale  rufune,  retractile,  sponge-like,  etndded  with  numerons  lobnles,  divided  at  the  end 
into  a  variable  nnmber  of  branches  (B  being  nsnally  apparent,  never  more  than  S), 
which  in  their  turn  ramify  into  lobulea..  Anal  stigmatic  cavity  iinito  deep;  the  fleshy 
prominences  on  the  carina  earroandlng  it,  snb'Obsolete ;  the  stigmata  bnt  slightly 
ezeavateJ  below,  the  bonier  brown,  inclosing  three  brown  openinge,  the  lowei  ends  of 
which  reach  to  a  circular  clear  space  in  thecorneoas  and  pale  rnfonsperltrcme.  Anal 
prolegH  qaite  small,  With  the  longitudinal  anal  slit  between,  and  a  comeons  plate  in 
front  of  them, 

ntpnrium.— 0.25-0.50  inch  long ;  neither  smooth  nor  highly  polished,  and  varying  from 
yellow! sb-bro WD  to  deep  browa-black  in  color.  Jnseottons  mor*  or  leas  diatinctly 
traceable.  Head  and  protboracio  Joint  retracted ;  the  prothoracio  spiracles  protrnd- 
ingand  forming  two  small  eaie  about  aa  long  as  Joint  3;  themasaof  loboleahardened 
and  rufons.  Joints  2  and  3  constricted  and  flattened ;  4  anddenly  bnlging.  End  of 
body  squarely  docked  by  spiracular  cavity,  the  rim  of  which  fbrms  quite  a  lidga. 

Bklvouia.  BITASCIATA.  Zurva.— Length  15™".  White,  the  skin  soft ;  body  cylin- 
drical, tapering/iQ  the  anteriorjoinis  towards  the  head,  the  apex  obliqnelytrancaied. 
Head  small,  furnished  with  two  stout  black  hooks,  situated  nndei  two  creaeentio  ele- 
vations at  a  moderate  distance  apart ;  when  viewed  from  in  &ont  the  head  obaonrely 
bilobed,near-the  center  of  each  lobe  two  chitinonspoioto,  one  situated  above  tbe  other. 
No  prothoracic  spiracles  apparent,  a  distinct  eiroalar  spiracle  on  the  posterior  border 
of  the  fourthjoint  behind  tbe  bead,  and  situated  slightly  above  the  median  line.  The 
anterior  border  of  each  Joiot  slightly  prominent  and,  esoept  on  the  dorsal  ride  of  th« 
apioal  Joints,  roughened  with  minute  points,  tbe  posterior  border  of  the  apical  Joint* 
similarly  roogbened.  Joints  4-II  with  a  distinct  trausvene  median  depression  on  tbe 
ventral  side,  tbe  depression  deepest  on  the  Intermediate  Joints,  the  portion  behind  this 
depression  on  the  Joint  11  forming  a  piominenttransvenetnbercle  beneath  the  tmuc»- 
tion,  upon  which  the  anal  spiracles  are  situated.  Anal  spiracles  black,  each  with  the 
slit-like  openings,  and  a  circular  spot  in  a  clear  apace  beneath,  them. 

In  Weatwood's  Introduction,  vol.  ii,  fig.  131,  is  copied  ftum  Boooh^,  a  figure  of  the 
lorvaofJiMAInaMsdaiKiJa  of  similar  form  to  that  of  Beleoitia;  bnt  the  peculiar  "pro- 
thoracic  spiracle  "  figured  in  connection  Is  not  apparent  in  the  larva  before  me.  In 
the  normal  form  of  tbeTaohinid  pupariun  the  anterior  pair  of  spiracolar  openingsan 
even  with  the  general  snrfaceof  thepupariam,  soaatobedisooverable  wltbdiflloDlty. 
The  true  spiraoles  are  internal,  and  may  be  found  opposite  these  perforations  on  the 
membrane  which  lines  tbe  pnpariam  after  tbe  fly  has  escaped.  The  pupariom  is  red- 
dish-brown, tbe  anal  spiracles  and  the  anna  black ;  the  Joint  of  (he  body  not  distinct; 
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tUa  anal  spitHoleH  distinctly  apon  the  smfnca  of  tlie  siibtrnscat«d  poBterinr  end,  not 
Bitaated  iaacavitjOBiaSareopka^;  jDstbeaeatbtbeMapiTaolesiBEt  alight  trausvarae 
elevation. 

Tlia  pnparimn  of  Btlvoina  bi/ataiata  diffem  somewhat  from  the  ordinar;;  fbrm.  It  is 
black,  roughened,  incieasea  in  width  p<Mt«riorlf ,  has  the  anal  apiraoles  drawii  far  for- 
irunl  apon  the  liaok,  and  each  repreaenled  liy  three  swollen  tubercles,  and  the  space 
between  them  and  the  tip  of  the  pnparimn  ia  very  Irregnlar  and  baa  a  conspicuoos 
le  defresslon. 


NOTB  38  (p.  111).— CrypttiM  conquMlor,  Say  {Boit.  Jour.,  i,  S32),  of  which,  aa  Walsh 
( Catutdian  Entomologitl,  ii,  Vi)  pointed  ont,  Crgptiu  plearlvjnoliu.  Say  (1.  c,  236),  is  a 
syaODym.  By  some  oversight  pleitrivinetus  atanda  aa  a  ayoonym  onder  annulieomu, 
Creaa.,  instead  o\  wnguiaJwr,  in  Mr.  CteasoQ's  List  of  the  North  American  Pimplaria 
( Tram.  Am.  But.  Soe.,  iii,  170). 

NOTK  39  (p.  114).— The  name  Crsptut  extremalu  Cress,  shonld  yield  to  C.  lamto 
Pack.,  because  two  species  (one  of  which  la  nanoiiu)  were  combined  under  it  in  the 
original  description. 

NOTX  40  (p.  115). — We  gave  the  following  description  of  the  larva  and  papa  of 
Chalait  ovala  In  the  fliet  edition  of  this  report : 

The  larva  is  a  slender  legless  mag^t,  7"'  in  teogth.  The  body  tapers  at  each  end, 
particularly  behind,  and  has  a  coaspioBous  lateral  ridge.  The  head  is  similar  to  that 
of  tbe  Plmpla  larva  described  further  on,  but  the  mandibles  are  nearlr  concealed,  be- 


by  deeper  coustriotiODs  than  the  succeeding  Joints,  and  tbe  lateral  tnberclea  on  jointa 
4~10  have  a  smaller  but  distinct  tubercle  behind  them.  The  spiraclea  in  the  alcoholic 
specimen  are  indistinct,  owing  to  their  AKreeiug  with  the  sldn  in  color;  bnt  tbeir 
position  ia  apparent  apon  the  anterior  border  Of  the  second,  third,  fourth,  and  aeveral 
of  the  posterior  Jointa,    Length  7""°. 

The  j>u;a  is  abort  and  ro1)uet;  paleatSnjtbiit  becoming  brown,  the  head  and  thorax 
anteriorly  darlcer.  It  baa  two  prominent  tnberclea  between  the  eyeajnst  above  the 
insertion  of  the  antennn.  and  above  each  of  thwe  a  slight  ridge  extending  as  high 
as  the  lower  ooellue,  which  ia  situated  on  a  slight  prominence  within  tbe  fork  of 
an  impreaeed  line  on  tbe  vertex.  Only  five  diatinct  Joints  in  tbe  autennn  between 
the  Bcape. 

In  addition  to  Z>r»iiiia  tstumlalU,  and  the  two  species  of  Apatvra  mentioned  in  the 
text,  wo  have  bred  this  parasite  fi;om  Thi/ridopleritx  ephemera/ormia  (Haw.),  Cacaieia 
rotactana  (Harr.),  Oelechia  galla  tolidagtnii,  Riley,  and  Botit  alnUtli*  Riley  MS.  (See 
Bnlletin  5,  United  States  Department  of  Agriculture,  Divlaion  of  Entomology,  p.  B.)  - 
The  species  is  very  variable  in  size,  and  we  bave  specimens  as  small  as  3^"  In  length 
while  others  measure  as  mucb  as  &"". 

Note  41  (p.  115).— This  epedee  (Tttriuliehtu  tnrut,  Riley)  was  treated  in  tbe  flrat 
edition  nnder  tbe  generic  name  Cirro*pittit,  and  in  the  original  desorlptiou  (Caidtdiaa 
Entontologitt,  xi,  162},  it  was  also  placed  in  that  genus,  bnt  only  provisionally,  oud 
we  there  called  attention  to  its  close  relationabip  with  TetrtutichiLi,  Since  reoeiviog 
more  abundant  and  better  material,  and  after  a  closer  study,  we  have  decided  that  it 
shonld  be  placed  in  tbe  latter  genua.     We  reprodnoe  the  original  description : 

Lenflth  1.5"™.  Dull  black;  knees,  tibiie,  and  taisi  yellowish;  the  posterior  tibim 
sometimes  dasky.  Eyes  with  scattered  short  bristles.  Antenna  of  tue  J  9-Jointed, 
with  tbe  joints  of  tbe  flagellnm  subequal  and  beset  with  bristles,  the  ninth  Joint 
small.  Antennie  of  tbe  ?  B-Jointed,  the  fourth  and  Qfth  shorter  than  tbe  second  and 
third,  the  three  apical  Joints  forming  aclnb.  Thorax  above  mlcroscopi daily  punctate; 
pampsides  distinct  and  elevated ;  soutellDm  with  a  longitndinal  unpreued  line  on 
each  side.  Wings  hyaline,  pubescent,,  bnt  the  ciiia  short;  base  of  nina  nneveu; 
radius  not  developed.     Abdomen  short  and  sessile;  ovate. — (Can.  EkI.,  xi,  p.  163.) 

NoTB  43  (p.  115).  Btxaplaatatigiag. — We  reprodnce  the  original  description  of  this 
speciea; 

Average  length  1.6°"^.  Body  uniformly  polished  block.  lien,  palpi  and  antennn 
reddish  in  the  female ;  coiEe,  femora,  and  antennat  toward  tip  infnscate  in  tbe  male. 
Fed  uncled  joints  of  antenns  with  a  few  minute  spines  around  the  crown,  and  longi- 
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tadinallf  Btrittte.  Ba«e  of  thorax  and  of  abdomen  with  pale  pubescent  bain.  Wings 
bjaljne,  sparsely  bpset  willi  minate  Bpitice  which  iQcrease  raiiially  and  form  a  fringe 
arouDii  the  iioetcrior  half;  the  veins  of  front  winga  forming  a  sprawling  W,  wilh  par- 
tial crosa  veina  proceeding  from  Clie  loner  .angles,  the  haiiBJ  crosa  vein  longest;  Iho 
longitudinal  veins  with  a  few  prominent  apiuea.  Abdomen,  9 ,  tihowing  bnt  4  jointa, 
the  tenuiual  three  ehort  and  hardly  diutingnish  able  von  trolly  .—(J  m.  Enl.,  iii,  p.  52.) 

In  almost  every  laiger  gronp  of  organisms  there  aro  douhtfnl  forms  which  it  is  dif- 
ficult to  classify,  and  between  the  three  famillAS  of  Chalcididce,  Proctotmpidte  and 
CynipiJs,  of  email  bymenopteroua  inaect«,  it  ia  difflcnlt,  if  not  impossible,  to  givA 
definitions  which  permit  the  ready  placing  of  some  of  tbe  more  osculant  forms.  Nor 
con  habit  be  any  more  aafely  relied  on ;  A>r  while  tbe  first  two  families  are  eBBentially 
poTMitio  and  tbe  Inst  gall-making;  yet,  according  to  present  deftniUons,  8x>wiefl  of 
the  flrst  are  exceptionally  gall-making,  and  species  of  the  last,  aa  in  the  preeentoaae, 
exceptionally  p^tasitio. 

NOTx  43  (p.  117). — The  following  is  Hr.  Habbaid's  commnnleation,  together  iritk 
our  editorial  note  as  it  originally  appeared : 

PAom  alttia  not  a  true  paToaUe. — In  eiaminin{t  my  breeding  Jars  and  boxee,  I  iava- 
riably  &nd  a  species  of  Pkora  present  in  them,  whenever  they  contain  any  dead  animal 
matter.  This  is,  so  far  aa  I  can  make  oat,  the  Phtira  alitia  which  Prof.  Comstook 
considers  one  of  the  parositOB  of  Aletia.  Ui.  Trelease  gives  his  experience  with  this 
fly  exactly  as  I  should  myself,  from  my  own  observations.  He  doee  not  consider  it  a 
true  parasite,  bnt  yields  the  point  to  Prof.  Comstock.  Evidence  is  daily  accnmn- 
lating  in  my  notes  of  the  purely  scavenger  habilitof  th«  Phara.  To-day  I  watched 
them  pass  through  the  meshes  of  fine  lunalin  eaoKO,  covering  my  breoding  jars,  in 
which  moths  have  died,  or  pnpaa  been  killed  by  dampness  and  mold.  They  (the  flies) 
gather  about  moldy  food  and  excrement  of  larvn,  but  do  notdepoait  eggs  unless  tbey 
and  dead  moths,  larvB,  or  pups,  and  moiatnre.  The  flies  are  very  persietent  in  pnsh- 
ing  through  crevices,  and  I  watched  with  interest  the  gravid  $  S  try  to  sqaeese 
through  lue  gauze.  Sooner  or  later,  after  many  trials,  a  S  finds  a  mesh  that  is  loose, 
and  gets  through.  I  see  that  they  have  often  widened  the  meehea  and  pass  and  re- 
paas  tbrongh.~(H.  O.  Hubbard,  Centreville,  Leon  Co.,  Florida,  Aug.  6.) 

[This  Phora  was  obtained  by  as  on  several  occasions  from  Aletia  cbrysalids,  in 
1879,  and  quite  commonly  by  Mr.  gcbwarz,  hut  we  never  considered  it  truly  parsBitic, 
and  doubt  whether  it  ever  is  striotly  so. — Ed."]— {American  Entomologitl,  voL  iu,  p.  S28.) 

Note  44  (p.  IS9}. — In  advocating  the  deetmction  of  the  motb  by  lights  and  fires  one 
oircnmstance  has  been  generally  overlooked,  which,  if  proven  to  be  correct,  is  almoet 
fatal  to  the  theory  of  the  usefulnoss  of  this  remedy.  We  refer  to  the  experience  of 
lepidopterists  that  the  vast  m^orit>y  of  the  moths  attracted  by  light  are  males.  Out 
attention  was  called  too  late  to  this  fact  to  verify  it  in  the  case  of  Aletia  by  actual  ex- 
amination in  the  field,  as  the  moths  we  found  attracted  by  the  lights  bad  not  been 
preserved,  but  upon  examining  a  number  of  Lachnostemos  which  bad  tbos  been  col- 
lected we  found  thcin  to  be  all  moles  with  one  exception.  It  is  evident  that  if  only 
the  males  are  attracted  the  effect  of  the  remedy  is  rednced  to  almost  nothing. 

NOTic  45  (p.  138).— So  long  aa  snbh  cases  of  poisoning  are  liable  to  occur,  it  will  be 
well  to  widely  publish  the  means  of  counteracting  the  poison.  The  antidot«  most 
highly  recommended  and  fonnd  iu  practice  to  be  effectnal  is  bydrated  sesquioxlde  or 
peroxide  of  iron,  which  may  be  purchased  at  any  drug  store.  A  few  spoonfuls  taken 
eoon  aft«r  a  case  of  poisoning  will  counteract  any  evil  effects.  Another  very  simple 
antidote  16  to  drink  the  water  (or  even  to  apply  it  externally)  in  which  old,  rusty 
nails,  or  other  rnsty  iron  have  been  washed,  or  iu  which  the  mstsorapedftom  old  iron  > 
has  been  atirrad  np. 

NOTX  46  (p.  140).— It  is  the  uniform  experience  that  the  non-fertilized  bloeaoms  are 
destroyed  by  wot  application  of  poiaona  during  the  earlier  honra  of  tbe  fbrcnoon  or 
even  by  a  rain-sbower  at  that  time.  This  aeems  to  be  oorroct,  though  It  is  difilcult 
to  arrive  at  a  definite  conclusion,  aa  a  great  many  blossoms  are  daily  lost  in  conse- 
qoenoe  of  overproduction.  So  far  as  the  experimente  go,  the  wet  application  dur- 
ing clear,  hot  weather  in  the  forenoon  aeems  to  be  more  liable  to  injure  the  plant  than 
in  the  afternoon  or  doring  cloudy  weather. 

NOTK  47  (p.  143). — An  easy  way  of  testing  the  pnrity  of  Paris  gieen  is  to  pnt  about 
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100  graioe  in  an  ordinary  wine-glsss  and  add  thereto  an  onuce  of  liquid  ammonia. 
In  proportion  aa  there  is  little  or  do  sediment  the  green  ma;  be  considered  pure. 

KOTB  48  (p,  145). — This  mixture  consisted  of  6  pounds  of  the  green  to  one  barrel 
of  flonr,  in  addition  to  abont  SO  pounds  of  odbesive  materials;  in  round  nnmbsn, 
therefore,  of  1  pound  of  gteen  to  35  pouode  diluents,  this  proportion  "being  generally 
used  near  Selma,  Ala. 

Note  49  (p.  lee). — The  foUawing  note  on  the  nae  of  kerosene  on  cotton  is  firom  Dr. 
Barnard's  report  of  experimenU  made  at  Selma  (Ala.),  in  the  Hummer  of  1833.  (Bull. 
3,  Entomological  Division,  United.  States  Department  of  Agricnltnre,  p.  47); 

CoDceraicK  the  Qse  of  kerosene  upon  cotton,  tbe  folloniDK' shoald  be  stated: 
Abont  10  gallons  were  applied,  hnif  uudiluti^d  and  balf  in  emnlsion  variously  diluted.  ^ 
The  undiluted  petrolonm  destroypd  about  10  per  cent,  of  the  foliage  sprayed  liy  it. 
The  undilnted  milk-kerosene  emnisiou  ruined  only  obont  2  percent.,  and  tbia diluted 
injures  less  and  less  according  to  tbe  attenuation,  but  all  treated  was  injured  to  at 
least  a  rtigbt  eiit6nt.  Tho  sprays  were  hardly  saiisfactory,  aa  the  tubing  wonld  not 
permit  tbe  high  pressure  necesaary  for  a  very  fine  niist,  and  the  indications  are  tl(at 
with  tbe  finest  spray  tbe  strong  keroeene  and  its  slightly  diluted  proparatiopB  may 
possibly  yet  become  ustd,  in  proper  hands  with  great  camion,  upon  the  crop,  bat 
additional  experimental  tests  are  needed. 

Note  50  (p.  165).— Mr.  WiUemot  calls  hU  plant  Pyrilhrt  du  eaucate  iPi/rtthntm  . 
iBilltnioH  Dnchortre),  bnt  it  la  more  than  probable  thnt  this  is  only  a  synonym  of 
Pyretkmm  romnm.  We  have  drawn  liberally  from  Willemot's  p.iper  on  tbe  enhjeot, 
a  translation  of  which  may  be  found  in  the  Report  of  the  Commissioner  of  Patents 
for  tbe  year  IIXI,  Agriculture,  pp.  233-331. 

Nont  61  (p.  167). — A  Teryi[oodiIlnatTatiouof  the  growth  of  the  prodnctive  industry 
in  tbia  oouotry  is  afforded  by  tbe  fact  that  Mr.  George  Laird,  superintendent  of  the 
Bnhach  plantation,  produced  about  40  tons  of  blossoms  in  1884,  and  employed  some 
250  Chinamen  daring  13  days  in  gathering  the  crop. 

It  has  generally  been  supposed  that  Pyrethnun  is  innoononn  to  animals,  bnt  la  thir 
connection  we  quote  some  remarks  from  an  addiesB  whi-.i>  we  uelivered  befbre  the 
Georgia  State  AgricultnrJ  Society,  February  12,  1884  ■ 

Pyrethrum  is  supposed  to  have  no  effect  on  the highe>  dnimals,  hot  that  Isamlatake, 
as  my  own  recent  experience  is  that  the  fumes  in  a  olose.:  room  have  a  toxlo  inflnence, 
intensifying  sleep  and  inducing  stupor;  while  theexpertence  of  Piot  A.  Graham  Bell, 
with  the  powder  copiously  mblied  on  to  a  dog,  showed  thatthe  animal  was  made  siok 
and  was  affected  in  the  loeomotiTe  organs  very  much  aa  insects  are.  The  wonderfiil 
inffueui'e  of  this  powder  on  insects  has  led  me  to  believe  that  It  might  prove  useful 
as  a  disinfectant  against  fevers  and  various  contagions  diseases  by  deetroyins  the 
uiicTozoa  and  other  niicro-organisma,  or  germs  whiiib  are  believed  to  produce  saoh  dis- 
eases. It  should  be  Iried  for  that  purpose.  It  U  remarkable  that  these  two  plants  of 
all  the  many  knonn  species  of  the  genus,  should  alone  poasess  the  insecticide  prop- 
erty. 

NoTK  511  (p.  174). — It  is  evident  that  Pyrethram  can  be  prodnoed  as  cheaply  in  Cali- 
fornia, with  the  Chinese  labor,  as  in  any  other  port  of  the  country ;  yet  the  reduction 
in  price  has  not  been  as  great  with  the  Inorease  of  production  aa  we  have  been  led  to 
hopa.  We  cannot  find  in  any  cose  that  it  has  been  offered  for  leas  thou  50  cents  per 
pound,  when  the'pnrity  Is  gnarant«ed,  though  a  New  Tork  firm  infbrms  as  that  they 
will  be  able  to  sell  as  low  as  30  cents  in  large  quantities. 

NoTK  S3  (p.  179). — Indireotlj,  also,  such  enemies  of  Aletia  are  killed  as  feed  on  the 
poisoned  worms,  and  in  recently  poisoned  fields  dead  birds  and  larger  groond  beetles 
have  been  reported  foond,  the  destraotlon  of  which  must  doubtless  be  attributed  to 
the  poison.    Thenomberof  snch  cases  Is,  perhaps,  larger  tb^n  can  be  actually  proven, 

NOTB  54  (p.  1S4). — In  order  to  Illustrate  how  positively  this  and  other  plants,  here 
enumerated,  were  recommended  to  the  Commission,  we  give  herewith,  withont  Airthet 
comment,  the  fallowing  letter  troia  a  correnpondenl  In  Mississippi : 
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tneof  IleaTeD")  fell  from  it  pajralyied,  and  eooa  died.  So^  when  the  aat«tpUlara  At- 
tempted to  orou  my^fence,  1  placed  in  their  way,  at  short  intervale,  branohes  of  Ail- 
AnttaUB  leaves,  and  killed  immense  nnmbers  of  them,  effectnallj  protecting  my  yard 
and  garden.  I  have  to  auggeet  the  expediency  cf  trying  thie  native  poison,  so  abund- 
ant and  easily  accessible,  on  the  cottou-norm.  I  have  found  the  common  larkspor 
an  effective  poisoo  on  insects.     Woold  it  not  answer  as  well  for  the  Cotton  Worml 

NoTK55(p.  184). — Thenniveraalbelief  that  these  two  apecies  of  dog  fennel  are  never 
attacked  by  any  insect  is  withont  any  foundation.  We  found  a  email  Longicom 
borer  (larva  of  Jlfeciu  inomaia)  boring  In  the  stem  ;  annnnamed  species  of  fiarjt  borea 
in  the  root,  while  the  flower-heads  are  badly  infested  by  several  species  of  Braeiy- 

NOTB  56  (p.  238). — The  results  of  these  eiperimenta  were  published  in  Bulletin  3, 
Division  of  Entomology,  United  States  Department  of  Agriiinltnre.  The  machine 
had  been  perfected  to  a  large  extent  without  aconrate  field  test  of  ite  praotioal  work- 
ing, and  in  order  to  learn  whether  any  improvements  c«nld  be  made  iu  ita  several 
parts,  or  what  faults  it  possessed  as  a  working  machiDe,  as  soon  as  news  came  that 
the  worms  were  at  work  around  Selma,  Dr.  Barnard  was  sent  down  with  instruotiona 
to  make  the  proper  experiments.  His  report,  whioh  follows,  wonld  seem  to  show 
that  ooosIderaLle  modifioation  in  the  details,  eapedally  of  attachment,  is  necessary. 
Fntnre  ezpeiiments  may  lead  to  the  abandonment  of  the  attempt  to  spray  oottou  from 
the  ground  op,  on  acooont  of  the  irregalority  of  the  rows  in  the  average  cotton-field, 
and  the  adoption  of  lateral  or  oblique  spraying  from  noz&les  that  do  not  drag  entiiftlT- 
on  the  ground,  but  hang  some  inches  above  it.  While  the  cn>okedueas  in  the  rows  in 
ordinary  cotton  fields  is  an  obstacle  to  the  nse  of  any  complicated  machinery,  yet  it 
is  a  mistake  to  suppose  that  cotton  is  planted  so  irregnlOTly  in  all  parts  of  the  Soath. 
While  it  holds  partioularly  true  in  the  easily  washed  and  hilly  country,  charooter- 
Istlo  of  the  larger  parte  of  the  cottou-growing  seotioua  of  the  CaroUnas,  Qeorgio,  and 
Alabama,  it  is  by  no  means  to  the  same  extent  true  in  the  richer  oot ton-producing  aeo- 
tlons  of  the  South,  as  in  the  larger  part  of  MISBissippi  and  Texss,  and  the  canebrake 
portions  of  Alabama.  Hence  the  machine  in  question,  as  illastrat«d  in  the  report, 
will  prove  more  satisfkctory  in  those  sections,  the  elastic  fork  giving  sufficient  play  to 
aooooiinodate  the  nozzles  to  whatever  slight  iiregolarities  iu  width  arefoand  in  welt 
planted  fields. 

The  Cotton  Worm  maohine  described  in  the  annnal  report  for  188t-'82,and  now 
subjected  to  field  tests,  is  shown  to  be  suited  only  for  cotton  so  planted  Uiat  the  rows 
are  spaced  apart  veiyequally,  since  it  lacks  adaptabiii^  to  the  nsaal  great  differences 
of  intei^aoes  between  the  rows.  Uufortnnately,  nothing  very  closely  approaching 
[deal  BIraightness  of  rows  or  equality  of  width  between  them  can  be  detected  in  the 
South,  even  in  saoh  fields  as  are  said  to  he  "  planted  peifectlv  trae."  In  the  more 
evenly  disposed  cotton,  stiff  fork  apparatus,  made  lleht  and  snorter,  to  supply  only 
fbnr  TOWS  nt  each  drive,  nnd  huns  loosely  upon  hooks  instead  of  eyes,  witnout  the 
rat«het  lever  elevator,  and  capable  of  being  easily  slid  by  hand  to  the  left  or  right, 
as  infringement  on  row  crooks  &om  time  to  time  required,  proved  susceptible  of  nse 
with  due  watchfutness ;  but  the  eight-row  machine  was  too  heavy  to  be  thus  shifted 
by  hand,  and  being  stiff-booked  with  rigid  descending  pipes,  no  oigbt  oonseontlve 
rows  could  be  found  regular  enough  to  be  callipered  for  much  distance  bythisdevioe. 
The  inflexibility  also  prevented  conformability  of  the  apparatus  t-o  ineqiulitiesirfthe 
KTonsd,  an  elevation  straining  haid  on  one  descending  pipe,  lifting  the  others  from 
the  ground,  &.o.,and  the  light,  fiexile,  Jointed  Dozzle-arms,  being  borne  upon  severely 
by  t£e  stiff  pipe  system,  soon  became  impaired,  whereas  tbey  had  formerly  and  have 
ainoe  worked  well  on  the  yielding  stem-pipes  of  the  atUnstable  machines  whioh  were 
tested  at  the  time  of  the  Atlanta  exposition,  as  well  as  in  these  last  experiments. 
For  under-spraying,  this  old-fashioned,  stiff,  oross-pipe  system  is  shown  to  oe  wrong, 
as  originally  foreseen,  unless  some  power  can  be  brought  to  bear  to  enforce  a  system 
of  neater  straightueas  an^  equality  in  planting  cotton.  A  oonaiderable  amount  of 
the  irregularity  iu  rows  has  been  attributed  to  the  "  constitutional  perversity  and 
OTookedness  of'^  the  nigger,"  appearing  from  the  bad  execution  of  his  instructions. 
But  even  if  this  could  be  corrected  it  is  not  the  matter  of  vital  Importance,  for  the 
planter  himself,  as  well  as  the  field-hand,  is  guided,  by  a  natural  principle  which  will 
always  control  and  stand  acainst  any  contrary  theoretical  or  meohanioal  rule.  Ao- 
oording  to  "  the  strength  of  the  gronod,"  the  site  of  plant  It  will  produce,  will  the 
rows  run  wider  or  narrower  in  any  particular  "  cut "  or  part  of  a  "  cut. "    Thta 
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acooanta  for  the  divergiag  uid  neknderiDg  rowa,  for  the  many  "  onts  "  of  a  planta- 
tion differing  among  Baob  oUwr  in  their  roir-widtDit  as  observed  everywhere. 

As  to  conveyances  for  nnderspraylng  apparatnsefl,  it  was  fonnd  not  desirable  to 
Dae  a  wagon  or  cart  of  ordiDary  width  (^fi  feet)  in  cotton  only  3  feet  wide  or  leas,  biv 
caoeeof  uie  great  Injury  done  to  the  plants  by  the  wheels.  Most  of  the  cotton  in  the 
Carolinas,  C^rgia,  Tenneaaee,  Alabama,  and  Miaaisaippi  comes  witbin  these  dimen- 
sions ;  hence  a  shortei  speiyol  axle  for  the  cart  or  wagon  wheels  should  generally  be 
employed  in  an;  conveyance  for  the  apparatus.  But  where  severely  threatened  by 
worms  the  ordinary  wagon  or  oart  wilt  do  leaa  damage  thaa  the  peat  in  any  kind  of 
cotton ;  and  it  is  on  thia  account  that  wagons  are  already  used  to  a  considerable  pa- 
tent for  transporting  poiaou  and  broadcast  spraying  devicea  in  all  kinds  of  fields. 
Mr.  A.  T.  Jonea,  near  Belma,  uses  foar  mnles  on  bis  heavy  spraying  machine.  But 
ordinarily  the  common  plantation  cart  will  be  fount!  the  most  suitable  vehicle.     This 


r  the  Inmber  wagon  Will  straddle  rowa  4  feet  apart  or  over  without  iiynry  to  the 
plants  except  in  tnminK.  and  that  is  surprisingly  small,  being  least  nttn  the  cart. 
With  shafta  plared  in  the  nsaal  position  tne  mnle  mnet  travel  on  a  row  to  have  the 


_ .  o  vheela  atraddle  it  properly,  and  this  is  not  practical.  I  obviated  the  objection 
b;  a  pair  of  rough  shafts  set  to  one  side,  one  shaft  coming  from  tlie  ceitter  of  the  oart 
and  the  other  standing  ontside  of  Ihe  wheel ;  thus  the  mnle  is  held  nearly  in  front  of 
one  wheel  and  midway  between  a  pair  of  rowa.  In  practice  it  is  shown  that  the 
alight  aldo-droft  oaosed  by  this  arrangement  amounts  to  almost  nothing.  And  it 
should  be  lemembwed  thai  it  is  common  in  tbe  North  to  use  aide  shafts  on  sleighs, 
buggies,  &c.  The  apparatna  is  easily  polled  by  one  mnle,  which  slionld  travel  pref- 
erably m  front  of  the  right  wheel. 

Tbe  personal  labor  required  ia  snob  that  the  pnntper  may  also  drive  and  keep 
an  eye  on  the  machine  behind.  It  is  most  convenient  when  Uie  stirrer,  pnmp,  and 
barrel  are  plaoed  near  the  left  aide  of  the  cart,  with  the  lever  or  pump-handle  atand- 
iug  crosawioe.  The  operator  then  only  looks  to  the  riffht  and  tbe  left,  inetead  of  hav- 
ing to  look  backward.  The  mule,  occnatomed  tu  working  in  cotton,  follows  between 
the  rows  as  a  rule  without  being  guided,  and  the  pumper  ia  free  to  turn  him  aVthe 
ends.  In  tJiis  manner  one  man  can  nae  the  apparatus  alone  without  working  any 
balder  than  he  should.  StiU,  It  la  generally  preferable  to  have  a  boy  attendant  to  as- 
sist at  times,  and  where  a  larger  pnmp  with  a  very  wide  system  of  pipes  to  supply  a 
large  onmber  of  rowa  is  engaged.it  will  be  well  to  have  two  men,  to  take  tarns  at 
pumping  In  cases  where  a  pnmpmotorienot  provided.  With  such  labor,  the  acUnst- 
able  □n£ir-sprayingma<!hineB  which  1  have  devised  and  shall  notice  below  were  oper- 
ated, tbe  best  hand  being  a  mulatto  who  worked  for  50  cents  a  day.  which  Is  a  com- 
mon price  for  cotton-field  hands.  Tbne  the  labor  cost  is  small,  aua  one  or  two  men 
with  a  machine  can  do  much  more  and  better  spraying  than  s  large  gang  does  by 
ordinary  methods. 

Tbe  rapidity  dejiends  altogether  on  the  width  of  tbe  pipe-system,  or  number  and 
width  of  rows  supplied,  or  thesizeof  theootton,  of  the  Dozile-disohargeH  and  of  the 
pnmp,  on  the  velocity  or  pressure  applied,  and  on  the  speed  of  the  mnle.  It  may 
vary  with  any  one  of  these  details.  1  had  only  one  pomp,  this  very  small,  and  could 
not  try  the  effects  of  different  sizes.  There  was  not  mnoh  diversity  In  the  cotton  and 
it  was  below  medium  size.  At  Selma,  I  labored  under  dlEQonltles  from  bad  workman- 
ship, from  laok  of  available  mechanics  for  oonstmcting  tbe  devices,  on  whioh  aooonnt 
there  were  bad  Joints  in  the  apparatuses,  whioh  leaked  some,  and  which  would  loosen 
and  at  times  come  apart  when  high  pressure  was  applied,  thus  causing  stoppages  in 
the  work.  Under  the  circumstances  the  question  of  time  and  acope  oould  not  be 
very  Bwtisfactorily  t«sted ;  but  aa  to  the  vei^  fine  amall  sprays  for  small  cotton  the 
following  conclusions  result  from  this  experience : 

Taking  nearly  average  sized  ootton,  ^d  the  porta  of  tbe  apparatna  of  medium 
capacity,  an  aore  and  a  half  was  poisoned  In  one-half  an  hour,  34  feet  wide  being 

Kisoned  »t  a  single  drive,  and  the  rowa  were  quite  short.  Twioe  this  rapidity  can 
attained. 

The  quantity  of  liquid  and  poison  need  also  depends  on  the  various  conditions 
stated  as  determining  the  rapidity.  The  amo'ant  of  liqnid  to  the  acre,  as  near  as 
could  be  estimated  under  the  circumstances,  ranged  from  10  to  40  gallons,  according 
to  the  size  of  the  aprsy- discharge  and  of  the  cotton.  Tbe  quantity  of  poison  is  in 
direct  proportion  thereto,  being  oue-eichth  to  one-half  a  pound  of  London  purple, 
or  one-fourth  to  four-fourths  of  a  pound  of  Paris  green  to  the  aero. 

Tbe  stirror-pump  device  is  a  most  perfect  thing  for  the  purpose  and  gave  the 
greatest  satisfaction.  This  contrivance  is  described  and  illustrated  in  the  annual 
report  for  1B31-'S3  (PL  IX,  pp.  159-161).  The  pum^  has  heavy  metallic  valves,  and 
its  piston-head  has  no  soft  packing,  so  there  ia  nothing  about  It  that  can  get  out  of 
order.  Yam  packiog  is  used  in  the  stuffing-box  at  its  top.  Being  double  acting  it 
throws  a  strong  and  constant  stream.  Only  one  triinnion-eye  need  be  moved,  and  a 
a  single  iron  wedge,  inateadof  two,  is  sufficient  for  setting  it.  The  wedge  has  on  its 
head  a  oatch  whereby  it  is  easily  pried  out,  and  an  eye  by  which  it  is  chained  fast 
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ito  preveut  loaiDj^  it.     Id  place  of  the  noodoD  stirrer  bar  formerlj'  rmploj'ed  I  hftve 
■made  an  iron  oue  haviDZ  a  spring  at  the  middle  1o  clamp  BDDglj'  in  the  e;e  at  tbe 

'-bottom  of  tbe  pump.     Tbis  will  not  irfakeu  vilh  age  or  break.     The  cord  or  cfaaia 
for  piiUing  oat  tUo  bar  is  Dot  esseatial,  as  by  haviCR  tbe  eod  bnng-bole  of  2  iiichea 

-diameter  a  pair  of  toDgs  or  piDcbera  can  be  inserted  to  take  bold  of  tbe  end  of  the 
stirrer  and  extract  it.     Tbe  niaia  hose  or  pipe  bas  a  screw  anion,  hy  which  it  is 

■easily  separable  from  the  pump. 

The  descending  pipes  between  the  rows  should  hare  iTexioo  and  torsion  in  their 

.joints  or  BBffmeiita  or  hangings.  The  (jronnd  beneath  the  cotlon-rowsis  highly  ridged, 
4Qd  tbe  mid-fiirrow  between  each  pair  of  rows  is  deep.  The  gronnd  thns  formed 
operates  upon  the  lower  parts  of  each  descending  pipe  or  its  appurtenances,  when 
«nitably  shaped,  bo  bb  aatomatically  to  guide  tbe  pipe  and  ita  nozEles  between  the 
TOWS,  and  to  follow  any  crooks  therein  even  when  the  conveyance  is  not  driven  in 
conformity  with  such  Iriegularities.  Tbis  automatical  adjusting  la  allowed  to  a  iBrse 
extent,  even  when  the  top  of  the  descending  pipe  is  firmly  or  n on- adjustably  attachM, 
provided  that  the  desoending  pipe  be  Sexife  in  some  part  of  its  course.  This  was 
shown  in  tbe  earlier  flexile  forked  machines  which  were  tested  for  tbla  Department 
near  the-Atlanta  exposition.  For  the  object  in  (juestion  the  descending  pipe  may  be 
flexile  throughout,  bat  it  is  more  commonly  preferable  to  coustraot  this  pipe  of  stiff 
segments  having  one  or  two  flexile  jointe,  or  very  short  hnae  mgmcnts ;  one  at  it* 
top,  and  another  nt  about  two-thirds  or  one-half  of  the  way  downward  thetefh>m. 
It  is  also  generally  best  to  make  these  flexile  segments  or  joints  of  three-ply  or  two-  . 
ply  hose,  and  only  of  each  length  as  to  allow  them  to  bend  like  luiee-juiots,  and  to 
suffer  a  semi-rotation  or  semi -torsion.  TbiscouBtrnctiou  prevents  the  trailli]}b-fork  or 
other  end  part  from  getting  turned  upsidu  down,  or  from  remaining  in  wrong  attitude 
after  dragging  among  or  over  tbe  ptnuta  in  turning,  and  it  always  tends  to  spring  or 
throw  the  nuzzles  back  to  such  positions  that  they  deliver  a  properly-direoted  spray 
into  the  plants.  Where  torsion  without  bendiug  in  desired  in  these  fiexite  places  » 
rod  extending  through  the  interior  may  be  employed  noiuuwhat  as  described  for  oroflB- 
pipes  and  nozzle-arms  in  the  special  report  of  the  United  Slates  Entomological  Com- 
mission that  has  been  prepared.  The  arrangements  and  constructions  referred  to  have 
been  carefully  tested  this  Beason  to  corruborate  the  results  of  previous  experience. 
The  principle  involved  is  simple  and  practical  in  its  operation,  having  been  tested  at 
Atlanta,  and  again  this  year  at  6elma,  Ala. 

The  flexile  nozzle-arms  of  the  Y'Sbaped  trailing  forks,  which  wens  originally  de- 
signed withtheflexileetems  worked  Batisfactortly  I  bus  attached;  but  when  these  fork- 
arms  were  tested  on  a  stiffly  bung  pipe,  the  spring-iod  inside  soon  proved  too  weak, 
iiie  strong  pendant  X'^'"'''b  with  curved  or  sloping  side-arms  made  stiff  proximally, 
and  bavins  3-ptr  hose  for  their  distal  half  or  two-thirds,  at^od  severe  usage  by  all 
methods,  since  tney  wcru  niaile  of  strouger  tubing  and  had  much  stouter  spring-rods 
within.  The  spring-rod  in  each  arm  bod  its  distal  end  soldered  in  a  short  piece  of 
tube  abutting  against  the  stem  «f  the  nozzle.  JToiks  of  whatever  constmction  will 
be  gaidod  more  by  the  ridges  if  the  arnis  extend  in  a  somewhat  upward  diteetion  be- 
fore becoming  horizoutal  at  the  ends  beneath  tbe  plants,  as  the  median  part  of  the 


fork  can  then  sink  into  the  mid  furrow  and  be  guided  by  its  sides.  Probably  uothinE 
better  than  the  pendant  Y'forks  and  T-forks  can  be  devised  for  spraying  upward 
through  the  center  of  tbe  plant.     An  additional  pair  of  short  arms  or  of  nozzles  may 


be  used  with  advantage  to  discbarge  from  near  the  median  line  In  divergent  diree- 
tion  upward  through  the  tops  of  tbe  plants.  Tbe  simplest  plan  is  to  join  these  or 
the  simple  eddy  chambers  directly  to  the  stem-pipe  or  its  extension,  low  dowii.  Such 
nozzles  may  be  attached  side  by  side,  or  in  what  1  call  a  taudem  gang.  Tbis  is  a 
series  of  short  tubes  coupled  end  to  end,  each  bearing  an  eddy-ohamber  dischorge. 
These  may  be  rotated  ou  their  axes  and  so  are  adjustable  to  different  angles.  1  jOae 
who  prefer  to  underspray  the  top  of  the  plant  and  oaie  leas  for  its  baae  will  find  tha 
tandem  arrBngemeut  by  itself  the  best  device  for  that  purpose  for  thiowing  &om  the 
gronnd,  though  tbe  forks  answer  as  well  when  elevated,  and  may  also  be  used  be- 
neath the  base. 

Tbe  eddy-ohamber  nozzles  seem  the  best  sprayers  available  for  applying  the  p(d- 
son.  These  noEzles  have  been  tested  this  season  with  the  discharge-nole  of  "varioiu 
sizes,  from  one -sixty-fourth  to  one-eighth  of  an  inch  diameter.  The  smaller  ori- 
fices ^ive  the  finest  sprays  ooooelvable.  Indeed,  with  high  pressure,  the  spray  van- 
ishes  into  vapor  and  steam  which  does  not  fall,  but  rises  to  seek  tbe  clouds.  From 
this  the  damp  particles  of  poison  powder  must  separate  and  fall.  But  with  ordinary 
pressure  too  fine  a  spray  is  not  attained. 

With  the  flne  strainer  on  the  suction  end  of  tbe  pnmp,  ologging  materials  in  the 
water  are  prevented  trom  entering  t^e  pipe  system  or  the  nozzles.  Additional  smaller 
gauze  strainers  were  attached  to  the  ends  of  the  metal  tubes  in  one  aet  of  pipes. 
They  keep  out  dirt,  &c,,  when  the  pipes  are  separated,  but  may  not  prove  of  import 
tauce.  The  proper  method  is  to  hare  a  completely  closed  system,  with  foldingjointa 
that  never  need  to  be  separated,  so  the  whole  can  be  folded  into  a  small  compaot  paok- 


^aovGoOt^lc 


NOTES.  [ll*^] 

age  for  tranaportalion  bj  rail  or  to  the  field.  Snoh  s  ByBtem  htu  given  great  Batisfaction 
by  its  ooDvenJence,  aa  well  bb  b;  allowing  no  obstacles  to  enter  the  noizles.  In  spite 
of  tbe  most  perfect  precaiitions  c logging  will  occur  at  the  oat«et  or  before  bighpresB- 
nre  ii  attained,  chiefly  from  the  scales  of  iron  neparating  from  the  interior  of  the 
pipe  as  loosened  by  rusting  and  jarring.  With  the  Sceat  aozzlea  (one  Bisty-fourth 
inch  discharge)  these  seem  to  cause  no  more  difficult;  than  with  a  atandard  beveled 
one-sixteenth  inch  discharge.  The'  nozzle  facta  may  bo  remoTed  (o  let  oat  any  ob- 
etnolea  which  with  low  pressnre  are  apt  to  clog  the  outlet  and  stop  the  internal  rota- 
tion. Bnt  a  high  pressure  should  always  be  need,  and  when  this  ia  once  up  the 
ontleC  may  be  pricked  with  a  pin,  and  it  will  discharge  with  an  almost  explosive  force, 
inetantly  starting  an  inconceivably  rapid  internal  rotation,  which,  while  sustained 
wiih  due  pressure,  will  by  its  centrifugal  action  prevent  any  particle  from  again 
finding  the  center  of  rotation  from  wliich  the  diecliarge  talteti  place.  This  is  eape- 
oiolly  truBOf  the  smallrst  uozzleB,  having  an  outlet  just  large  euoiigh  to  admit  the 
iuaertion  of  a  pin.  As  previously  aot  forth,  the  inner  edge  of  the  outlet  shonld  gen- 
erally be  square  or  sharp.  In  the  eddy  chamber  a  great  hydraulic  pressnre  is. gen- 
erated, so  great  that  by  thnmb  preaaurethe  discharge  cannot  be  stopped.  The  power 
tlierein  occumnlated  under  high  pressure  ia  sufficient  to  cnt  tlirough  and  disintegrate 
any  obstructing  particles  or  Sagments,  except  those  of  the  hardest  kind,  which  are 
na  heavy  as  to  fly  off  from  the  center  by  their  weight  and  momentum  when  the  t«- 
lucity  of  rotation  is  once  tip  or  quickly  starts. 

The  top  adjnstments  of  the  descending  pipes  are  very  important.  These  tops 
may  be  variously  hung,  combined,  or  conatmcted.  A,  knowledge  of  the  irregnlari- 
tiea  of  ordinary  cotton  fields,  snch  oa  appear  chiefly  in  crooks  of  the  rows  and  in  va- 
riations of  width  between  them,  prevents  the  idea  of  a  ati^  uuadjustable  attachment 
of  the  topa  of  the  pipes,  which  mnat.  travel  between  and  more  or  loss  against  the 
rows.  Conformity  to  all  inequalities  of  the  ground,  its  numerous  nps  and  downs,  its 
dead  furrows,  ditches,  stones,  and  stumps,  should  likewise  be  attained^  It  must  also 
be  evident  that  a  large,  stiff  apparatus  is  difficult  to  haul  about,  as  it  cannot  betaken 
entire  through  gates  except  with  much  labor.  Of  course  it  is  possible  to  di^oint 
the  parts  beforehand,  and  then  screw  them  together  tight  afterwards  when  the 
Geld  IB  reached.  This,  however,  is  hardly  practicable.  In  fact  the  separating  and 
Joining  of  stifiT  metal  Joints  by  field  hands  is  a  failure.  Plumber's  tools  are  necessary 
for  thispnrpose.  The  field  laborer  of  the  South  screws  up  the  joint  too  tight,  too 
loose,  or  in  such  form  as  to  spoil  the  screw-threads.  Again,  the  joints  become  rusted 
together  and  a  vise  must  be  engaged.  The  stiff  system  also  requires  that  very  heavy 
pipe  be  used,  as  the  leverage  on  long  pipe  arms  enables  them  to  snSeT.  great  strain, 
to  become  broken  off  easily  at  the  end  where  the  thread  for  the  jnint  is  cut,  whereas 
with  fiexilejoints  no  leverage  power,  but  only  Untile  strain  can  bo  brought  to  bear. 
In  the  latter  caae  very  light  tubing  can  be  employed  with  economy  in  material,  coet, 
labor,  and  salvage  of  cotton.  Moreover,  only  by  ench  light  flexile  apparatus  can  any 
considerable  number  of  rows  be  tteateil  at  once  from  beneath.  Tnese  facts  have 
been  substantiated  by  tests  of  stiff  and  of  flexile  apparatus  this  season  mure  fully 
than  they  were  by  the  Atlanta  testa,  in  which  one  light  machine  undoreprayea 
eighteen  rows  of  cotton,  a  strip  30  yards  wide,  at  a  sitigle  drive.     The  tests  this  year 


have  been  not  only  of  stiff  oonneotious,  but  also  of  the  constmotions  whereby  adjnal- 
ability  of  the  deacending  pipes  ia  effected  antomaticalty  and  by  hand.  These  have 
already  been  noticed  above  or  in  the  previous  reports  in  so  far  as  tbey  pertain  ta  the 
stem  or  body  of  the  pipe  or  its  distal  append  ages ;  hence,  next  in  order  may  be  con- 
sidered more  specifically  and  in  natural  sequence  the  construotioa  and  arrangemeDta 
of  the  tops  of  these  pipes  as  planned  and  tested  by  me  : 

I.  The  stiff  lianging  tubes  have  been  tried,  oa  already  set  forth,  in  firm  union  with 
a  stiff  back-pipe  or  croas-pipe  snch  as  appears  in  many  of  the  patented  sprayers,  as 
Johnson's,  Daughfrey's,  &c.,  while  sufficient  objections  to  this  arrangement  for  nn- 
derspraying  have  already  been  presented.  It  is  the  first  construction  which  natu- 
rally suggests  itself  to  any  plumber  or  other  mechanic,  bnt  presents  no  special  adap- 
tation for  the  purpose,  as  has  been  shown  this  season  and  previously. 

II.  The  exti'emt»t  opposite  construction  to  the  foregoing  is  attained  hy  having 
radiating  flexile  tubes  from  the  main  to  the  descending  pipes,  instead  of  a  straight 
and  stiff  crosb-pipe.  By  this  arrangement  the  hanging  pipes  are  swung  apart  or 
nearer  together  independently,  and  set  on  a  cross-bar  or  on  diverging  bars,  at  spaces, 
to  suit  rows  having  different  courses  or  widths. 

By  way  of  variation  the  tubes  may  radiate  only  for  a  port  of  the  distance,  and  for 
a  space  run  close  beside  eaeh  other  along  a  supporting  bar  before  reaching  the  de- 
scending parts.  The  parts  upon  the  support  ore  preferably  of  metal,  and  slide  readily 
in  peculiarly  locked  hooks,  as  simple,  easily  separable  attachments,  specially  devised 
for  this  purpose.  Where  the  descending  parts  have  flexibility  to  some  extent  tliey 
may  drag  in  the  cotton  in  taming,  as  staled  above.  It  is  shown  that  they  thus  do  no 
notewortny  barm  to  the  pilants ;  also  that  they  themsBlves  do  not  suffer  injury.  This 
flexile  construction  le  simple,  and  generally  preferable  in   combination  with   the 
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flexile  conneotiTBs  between  their  tops.  Bnt  should  any  prefer  that  the  hanglag 
parts  he  elevated  above  the  planrt  in  tnrning,  this  is  eaeiij'  aoae.  For  anrh  pnrpoae, 
and  to  shorten  the  leverage  id  lifting,  the  deaceudiDg  part  itboDld  preferably  have  a 
flexile  joint  just  below  midway,  to  l«iid  lihe  a  knee  when  the  lift  is  made.     The  np- 

Ser  half  of  the  dettcending  pip^  is  rigidly  continnoaa  with  the  stiff  parallel  part,  fortu- 
ig  therewith  a  bent  angle,  while  the  proximal  end  of  the  parallel  part  is  tnmed 
backward  as  a  hollow  tnbnlar  craDk,%aviDK  its  handle-end  commnDicating  with  one 
of  the  radiating  or  slack  hose  pipes,  which  allow  the  stiff  parts  to  be  shifted  laterally. 
By  swinging  the  backward  oiank-shaped  part  of  the  pipe  overto  a  forward  poaition, 
into  a  catch,  the  hangiog  parts  of  the  pipe  are  swung  npward  above  the  plants  and 
sustained  there.  This  season  two,  three,  and  four  of  these  crank^ended  pipes  were 
tried,  combined  with  the  same, bar.  When  the  horizontal  partof  sonh  a  pipe  is  short 
DC  not  loo  heavy  it  will  be  shifted  laterally  antomatically  by  the  trailing  part  by  the 
method  already  noticed ;  but  where  the  pipe  is  too  heavy  or  rojigb  to  slide  easily  the 
hand  of  the  pumper  must  occasionally  be  need  upon  the  proximal  or  crank  end  to 
shove  the  pit>e  into  such  position  as  will  snitably  sdjnst  tbe  nozzles  to  the  rows. 

In  the  divergent  arraogements  thus  indicated  the  shiftiDg  or  lateral  odjnstabillty 
Is  permitted  by  opening  or  shutting  the  angles  between  the  diverging  tubes,  and  this 
ia,  in  its  operation,  iu  some  sense,  analogous  to  taking  out  and  letting  out  slack  in  the 
connecting  parta  between  the  nozzle*.  By  a  sorplos  amount  ol  inflection  or  slack,  by 
joint  or  outer  flexibility,  in  a  lul>e  or  tnbes  connecting  the  tops  of  any  two  neighbor- 
ing pipes,  whether  right,  left,  or  mesinl,  in  a  system,  the  two  can  be  separated,  ap- 
proximated, or  independently  adJost«d  to  the  extent  desired.  By  this  method  the 
stiff  pieccBslidingou  the  bar  and  supporting  the  pipe-tops  can  be  short,  light,  and  ar- 
ranged somewhat  end  toend.  Joined  in  tandem  order,  with  irtcrmcdiate  flexile  crooks 
thatmaybeext«ndedor  shortened  as  operated,  by  the  automatic  action  of  the  trailing 
branch.  These  tandem  gangs  of  light,  sliding  segments  for  supporting  or  supplying 
the  topn  of  tbe  pipes,  have  stood  a  satisfactory  test  in  the  cuttou  this  season. 

Such  parts  may  also  be  arranged  on  bars  baving  a  sloiie  backward  or  downward, 
as  on  the  ft-franies,  or  other  kinds  of  frames,  or  they  can  be  set  in  a  somewhat  zigzag 
manner  on  a  cross-bar.  This  use  of  a  slope  gives  certain  advantages,  and  cbarocler- 
izes  some  varieties  of  apparatus  closely  related  to  that  Jnst  noticed.  In  these,  the 
pulling  of  the  downwanl  pipe,  by  its  gravitation  or  friution,  canses  its  top  pieoe, 
which  has  an  inclination  to  slide  on  thb  slojio,  to  travel  in  a  diagonal  direclien  along 
on  the  support  and  across  the  rows;  but  working  in  opposition  thereto  iaa  pnll-line 
or  cord  having  one  end  on  a  winder  near  Ibe  hand  of  the  pumper.  Letting  out  the 
line  allows  the  pipe  to  travel  farther  along  the  slope,  and  winding  it  np  draws  the 
pipe  in  the  opposite  direction.  Thus  any  pipe  at  a  distance  can  be  easily  shifted  and 
set  at  apoint  tO'Buit  by  lotting  out  or  drawing  tbe  line.  This  principle  I  have  exe- 
cuted in  three  ways  :  In  the  first,  the  supply  tnbe  supports  the  hnng-pipe  and  slidca 
in  eyes  sitnated  diagonally  with  reference  to  the  hung-pipc.  In  the  second,  the  pipe- 
top  is  supplied  by  a  flexile  piece  of  hose,  and  is  supported  by  a  long  slide-rod  on  one 
or  twoofits  sides,  and  inserted  through  lo<Rte  eyes  placed  diagonally  from  the  conrae 
of  traction,  as  in  theforegoing  case.  In  the  third  instance,  the  top  is  similarly  sup- 
plied by  a  hose,  bnt  is  hungbyapeouliarlookedhook.oye,  or  loop  which  glides  loosely 
on  a  stitBy-Bct  diagonal  bar.  The  simple  wooden  /^■ttaine  answers,  and  a  series  of 
small  sloping  metal  bars  of  gas-pipe  were  arrangi'd  on  a  wooden  croAS-bar.  This  do- 
vice  worked  well.  Many  kinds  of  winders  won  Id  apply,  bat  a  simple  plan  is  to  wind 
tbe  Bmall  roTie  or  cord  around  a  pair  of  large  eye-siirews  placed  3  inches  apart.  The 
aet  line  can  lie  attached  at  ony  point  along  the  sliding  parts.  Behind  the  proximal 
end  of  the  range,  through  which  any  pipe-top  is  to  be  allowed  to  slide,  the  line  may 
pass  through  a  large  screw-eye  and  thence  to  an  extension  of  the  pipe-top  above  the 
axis  on  which  it  is  liung.  Then  the  pipe  may  be  drawn  to  this  place,  and  by  an  extra 
pull  its  top  will  Im)  brought  down  to  the  eye  and  the  lower  part9''of  the  pipe  will  be 
lilted  upward  above  tbe  plants  for  tnrning,  when  this  feature  is  desired.     ■     •     • 

The  leading  conclusions  from  the  experiments  upon  the  special  points  in  my  in- 
structions may  be  extrocted  from  the  above  and  briefly  summarised  as  follows : 

At  Selma,  1  operated  tbe  machine  taken  from  tlie  Department  and  teet«d  the 
points  iu  question,  so  far  as  circumstances  permitted,  Tbo  distinctive  feature  of  the 
machine,  its  stiff  supporting  pipes,  unGtted  it  for  the  work  to  be  iiccomplished.  As 
flelds  could  not  be  found  baving  rows  practically  of  the  same  regular  width  as  the 
spaces  at  wliich  the  downward  iiipeswere  held  stiff  by  their  supporting  pipe,  that 
permitted  no  iudependeut  lateral  adjustment  of  the  tops  of  the  hanging  pipes  with 
reference  to  each  other  or  to  the  rows  having  diffi^rent  or  varying  widths,  this  vital 
impediment  at  tho outset  frustrated  its  use  and  the  obtainmcntof  results  dependent 
tliiTeou.  The  tests  showed  that  with  a  pipe-system,  without  lateral  adjustability  at 
the  top,  very  few  rows,  usually  not  more  than  four,  can  be  treated  at  once.  In  ibis 
smiilt  form  tbe  whole  pipe  system  can  occasionally  be  moved  laterally  by  hand  as  the 
row  irregularities  require  it. 

The  forks  nere  operated  dragging  npon  the  ground,  and  also  set  at  different 
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heights.  The  ratchet  foe  vertical  adjastment  snbeerred  this  purpose  Batiafaotorlly. 
Where  it  is  deaired  to  spray  the  base  and  interior  of  the  plaata  &oai  beneath,  the 
aozzle  arma  mast  neceaBtull;  be  oarried  near  or  on  the  gronod,  and  nitb  medium  to 
amall  cotton  this  method  also  spraye  the  top  anfflcieutl^  veil,  but  if  the  growth  be 
heary  and  dense  it  proves  better  to  set  the  forks  higher  for  more  thoroaghly  poison- 
inK  the  tops. 

The  Btiner  pnmp  worked  admirably;  bat  a  larger  pump  of  the  same  kind  woe 
necessary  to  treat  a  greater  number  of  rows,  to  ascertain  how  large  a  nnmber  it  is 
possible  or  advisable  to  spray  at  a  time.  While  the  large  pomp  was  being  con- 
Btmcted  and  shipped  the  time  limit«d  by  my  orders  ezpli'ed. 

Fonr  rows  may  be  set  as  the  nnmber  it  is  moat  practical  to  treat  at  a  time  with 
the  kind  of  machine  in  qneation. 

The  aprings  of  the  fork-anna  ahoold  be  larger  and  have  a  longer  bend  than  in 
the  samples  taken,  since  the  unyielding  attachment  of  the  stem-pipes  to  the  stiff  Bnp- 
porting  pipe  above  throws  en  the  springs  mnch  ereater  strain  than  occurs  in  the 
machines  having  deacending  parts  huug  to  operate  independently  of  each  other. 

Until  my  time  had  expired  worms  were  not  abundant  etiongh  to  study  the  effeots 
on  them  of  ihe  coarser  and  finer  sprays  applied,  but  the  coarser  spray  was  more  in- 
juriona  to  tho  foliage  with  pnisotjH,  and  still  more  so  with  petroleum. 

The  standard  form  of  eddy-chamber  nozzle  was  used  with  discharges  of  diffbrent 
sizes.  The  sniallest  discharge  holes,  of  ^  to  i^s  of  an  inch  diameter,  with  very  high 
pieasnTo,  gave  tbe  moat  satiafactorj  reaQlts. 

The  "actual  cost,  anil  the  actual  area  covered  by  a  given  amount  of  liquid,"  vary 
greatly  with  the  width  between  the  rows,  tlie  sizes  of  the  sprays  and  of  the  plant^ 
with  the  nnmber  of  nozzles,  w«tb  tbe  amonnt  of  pressnre  applied  and  the  volume 
capacity  of  tbe  pump,  the  velocity  at  which  the  machine  is  drawn,  dec.  On  account 
of  the  complexity  of  tbe  question,  and  especially  because  of  leakage  from  imperfect 
pipe-joints  aud  for  want  of  other  aud  larger  apparatus,  the  qneetion  coald  uot  b« 
solTBO  with  any  exactness. 

Note  57  (p.33G). — The  text  of  this  editorial  has  been  given  on  p.  37,  where  it  ia 
also  Aown  that  Mr.  Stelle'a  claim  is  unwarranted.  We  have  thought  it  of  anf&cient 
historical  intereet  to  show  upon  what  tbe  claim  woa  based,  and  the  following  passages, 
copied  verbatim  ftom  a  report  made  by  bim  while  employed  by  the  commission,  in 
accordance, with  instractions  to  prepare  an  account  of  the  past  history  of  tbe  ioeect, 
is  of  interest  tn  this  connection.  The  full  report  ia  not  publislied,  because  it  is  little 
more  than  a  oompilatiou  from  the  Department  report  for  1879 — often  word  for  word : 

"  In  June  of  187*i,  the  National  Agricultural  Cougreas  was  organited  at  Baint  Louis, 
Mo.,  and  Prof.  C.  V.  Riiey,  who  was  present  and  tuok  part  in  tbe  organizatiou,  de- 
livered before  the  body  a  lecture  on  economic  entomology.  Allusion  to  the  cotton 
worm  was  mode  in  tbe  course  of  tbe  lecture,  which  lead  General  William  H.  Jackson, 
of  Nashville,  Tenn.,  and  Dr.  J.  0.  Wharton,  of  i'erry,  Miss.,  to  ask  for  tbe  anggoetion 
of  a  remedy.  In  response.  Professor  Riley  gave  it  as  hia  opinion  that  Paria  green,  ao 
effectual  as  a  remedy  against  the  Colorado  potato  beetle,  would,  in  all  probability, 
prove  equally  effectual  as  a  remedy  against  tbe  cotton  worm.  This,  so  far  aa  I  have 
been  able  to  ieam,  (and  1  have  worked  the  matter  up  with  great  care),  was  the  first 
hint  ever  thrown  to  tbe  public  in  that  direction ;  and  there  is  no  risk  inaaserting  that 
the  day  in  which  the  biut  was  thrown  out  marked  the  beginning  of  one  of  tbe  most 
important  periods  in  Ihe  history  of  the  cottou  worm  up  to  the  preaent  time:  tbe 
period  of  successfully  combating  it  with  polsoaa;  in  a  word,  tbe  period  of  first  effect- 
ually combating  it  in  aoy  way  to  an  entire  saving  of  the  crop. 

"Later  in  the  same  twason,  (let  August),  tbe  writer  of  this  paper,  who  hod  not  then 
beard  of  Professor  Riley's  suggestion,  recommended,  as  agricultural  editor  of  the 
MobiU  fleglttcr,  the  use  of  Fans  Kreen  aa  a  cotton  worm  destroyer,  and  Capt.  Isaac 
Donavan,  of  Mobile  County,  Alabama,  fmmediately  applied  it,  in  obedience  to  the 
recommendation,  with  great  sncoeaa.  Thia  ia  tbe  earliest  application  of  Paris  green 
to  the  cotton  plant  that  I  have  been  able  to  traoe  to  dat«." 

"In  May  of  the  next  year  (1873),  the  National  A gricnltnisl  Congress  assembled  at 
Indianapolis,  Ind.,  where  Professor  Riley  again  addressed  tbe  meeting,  referring  at 
length  to  Paris  green  aa  an  insecticide,  and  unhesitatingly  recommending  it  as  a 
remedy  against  the  cotton  worm.  Hia  address  was  widely  published  ihrougb  the 
papers,  especially  in  the  South,  and  tberenpon  bnndreds  of  planters  went  at  once  to 
applying  tbe  poisou,  meeting  witb  good  success  in  every  case  where  the  directions 
given  by  Professor  Eiley  were  faithfolly  followed." 

With  regard  to  tbe  second  paragraph  which  we  have  just  quoted  tmth  requires 
us  to  state  that  the  Angnat  (1872)  article  in  the  Mobile  Begiater  (see  p.  37)  did  not 
appear  in  the  agricultural  department  of  that  paper  but  in  tbe  regular  editorial 
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oolomns,  BO  tbat  tbere  is  nothing  to  show  that  U-was  written  b^Mr.  Stelle  beyond  hi* 
snbBeqaent  atatement.  Moreover,  the  arliole  in  question  does  not  oontwn  »  "rccom- 
tnendatioQ"  of  the  use  of  Paris  green,  bat  aiuipl;  a  statement  that  it  was  being;  exper- 
imented with  at  that  time.  No  other  similar  article  was  pnblislied  at  that  time  in  the 
Bgricaltnral  eolamna,  or  ia  any  other  part  of  the  Mobila  Segitter. 

Note  58  (p.  350).  Akomib  tkxaita,  n.  sp. — Average  expanse  35™™.  Poatorior  bor- 
den  of  primaries  not  qnite  so  aognlat^d  as  in  eroM,  bnt  intermediate  between  tliia 
species  and  xnHna.  General  color  of  primaries  falTOne-fcra;,  ranging  trom  pale  faW- 
ons-gray  to  deep  vluous-brown.  The  ordinary  lines  are  quite  well  marked,  thongb 
variable  in  Intensity,  and  of  a  darker  brown,  faintly  relieTsd  by  paTe  cinereona.  In 
the  commonest  specimens  tbere  is  a  dusky  patch  in  the  basal  region,  and  the  baaal 
line  runs  in  three  distinct  nndalationa  somewhat  obliquely  across  the  baaol  third  of 
wtng.  The  median  line  runs  from  about  the  middle,  or  a  little  ontaide  the  middle,  of 
the  inner  border,  either  almost  straight  or  outwardly  obliquing,  and  then  with  a  snd- 
den  inward  notch  till  it  reaches  the  median  rein ;  it  then  runs  along  Tein  2  to  a  little 
beyond  the  renifoim  spot,  and  thence  f  n  a  spreading,  %V -shaped  line  to  costa,  which  it 
reaches  about  the  ont«r  third  by  a  more  or  less  decided  inward  corre.  The  poBl«rior 
line  begins  at  the  anal  angle  and  runs  to  Tein  2,  so  as  to  make  a  more  or  tees  distinct 
continuation  of  the  median  line,  and  then  forks  in  an  irregnlar,  undulating  manner  to 
the  coeta,  running  parallel  with  the  posterior  border.  The  orbicular  ooosists  of  an 
extremely  minute  white  speck  upon  a  slightly  deeper  shade;  the  reniform  ia  large 
and  well  defined,  and  either  much  darker  than  the  brown  color  or  pnre  white  with  a 
fiunt  line  of  a  darker  color  near  the  inner  border.  Head  and  thorax  partake  of  the 
general  color  of  primaries,  as  also  palpi  and  antennte  above.  Secondaries  and  abdo- 
men aboveratherdnll  ashy-brown.  UDdersnrfftoes  of  primaries  dull  grayish,  slightly 
nacreous,  with  the  borders  pale  bnfT.  Along  .the  oosta  this  pale  region  is  snffnsed 
with  lllaceous,  and  along  the  posterior  border  it  is  limited  by  the  transverse  posterior 
line,  and  has  a  dark  brown  shade  mnning  ftom  the  apex  to  the  angle  in  the  middle  of 
posterior  border.  The  median  line,  in  its  costal  portion,  is  generally  marked  by  a 
somewhat  S-shaped  dark  line,  well  relieved  posteriorly  by  the  buff  color. 

Under  surfaces  of  secondaries  pulvemtent-lilaceons,  with  pale  buff  shade  on  tlie 
inner  third,  and  with  a  discal  spot  and  two  well-marked  transveTse,  slightly  undulate, 
lines  on  the  outer  third  and  parallel  with  the  posterior  border.  Described  liom  S  fa, 
6  2'a. 

Of  course  it  is  impossible  to  decide,  from  Htlbner'a  description,  Juat  what  Anomi* 
txada  is,  bnt  a  careful  study  of  his  figaies  shows  it  to  be  a  smaller  species  and  mnoh 
more  ferrngiuons,  with  a  paler  reniform,  and  the  lines  somewhat  differently  arranged; 
also  with  the  primaries  less  angular. 

NOTR  59  (p.  353).  Drabteria  xbechtea.  Sgg. — Nearly  globular  in  form,  slightly 
flattened  at  point  of  attachment.  Apex  with  roundish  facets;  sides  rather  coarsely 
longitudinally  nbbed.  The  alternate  ribs  rather  shorter  than  the  others,  as  in  the 
egg  of  Aletia.  Qeueral  color  grayish-green,  with  irregnlar  grayish-brown  maricings; 
the  focetled  apex  always  grayish -brown. 

Pupa.— About  18""  (throe.fourths  of  an  inch)  in  length.  Head,  thorax  and  appsn- 
dageedark  brown,  abdomen  light  bron-n;  the  incisures  between  the  Joints  deep,  and 
of  a  yellowish -brown  color.  Whole  surface  of  the  body  somewhat  pruinose.  Tip  of 
the  body  bluntly  rounded  and  farniahed  with  eight  slender  and  moderately  long 
hooklets. 

NoTB  60  (p.  358).— This  description  is  as  fallows: 

"Theinsect  Iwillcall  P*«Iawia  «*i(com-moth)  until  It  is  more  correctly  classified. 
It  is  of  a  pale  yellow  or  shining  ash  color — length  of  body  and  wings  one  and  one- 
eighth  of  an  inch,  the  wings  expand  two  Inches  horizontal,  the  npper  wings  covering 
the  lower;  below  the  center  and  near  the  border  of  the  upper  wings,  are  two  dark 
r  three  indistinct  ones  on  each  upper  wing,  end  of  the 


sdBiGooi^le 


NOTES.  [121] 

ar  tbe  border.    Thorax  alightly  convex,  dow 

._      ^_, -»  r  .  -tibwoia  folded  Bpirally  nndemeatli,  donWo,  '. 

h  lone;  eyes  large,  clear,  yeAomah-Kreen-  ^"B?  ^ix,  uit«iiDiB  fadform,  palpi  v 
ry,  flus  only  late  in  the  eventiiK  and  at  night,  Qes  conoealed  in  the  day  in  jam 
naoe,  aioaod  stnmpe  and  in  the  graBg  ana  weeds,  fliee  rapid  and  Ion." 


ihe  wavea  uti«  uie  onrratiixvfi  luiuuu  luwiuu  tuwaru  lue  uiwe  ox  luu  wing; 
:.  Poet«rior  wings  yellowish- white  withont  markings  except  a  broad 
idmnning  parallel  with  the  ontei  margin  and  which  is  partly  Interrupted 
tre  by  a  space  of  a  similar  color  to  the  rest  of  the  wing ;  fringes  white. 


wing  whitish,  a  wavy  dark  band  near  tbe  border.    Thorax  slightly  convex,  downy; 
abdomen  color  of  wings,  downy;  probosols  folded  spirally  nndemeath,  donbie,  half 
inch  long;  eyes  large,  clear,  yenomah-green.     Legs  six,  antenntB  fnsiform,  palpi  very 
Iiairy,  flus  only  late  in  the  evening  and  at  night,  Ues  concealed  in  the  dsy 
the  nnoe,  aTonnd  stnmpe  and  in  the  grass  and  weeds,  flies  rapid  and  low." 

NOTB  61  (p.  356).~BeIlotliU  ambront.     Orote's  description  is  as  follows: 

"Anteiior  wings  yellowish-gray  crosMd  by  several  indistinct  irrernlar  darker  shaded 

lines.     Dlscal  spot  blackish  beyond  which  is  a  row  of  minate  black  dots  one  on  each 

nervnle  running  parallel  with  the  onter  margin  of  the  wing  and  connected  with  ea^h 

other  by  a  &int  waved  line  the  onrvatnree  tnmad  inward  toward  the  base  of  the  v' — 

fringes  dark.     "--'-■ ' ' — '-'^  -'-'■-  - '>^— ^->-—   •   -   '■ 

blackish  band  n 

near  the  centre  b,        .  „,         „ 

TTuder  anr&ce  of  the  wings  pale  showing  tbe  black  discal  spot  on  the  anterior  w 
plainly,  ontside  of  which  is  a  blaokish  transverse  band  and  a  small  blackish  streak 
near  the  npper  margin.  Under  surface  of  posterior  wings  immaculate  except  afaint 
blaokish  shade  near  the  outer  margin.  Head,  thorax  and  tegnlae  yellowisb-gray, 
darker  IJian  the  anterior  wings.  Body  grayish,  clothed  at  the  sides  iriUt  whitish  hairs, 
and  darkening  towards  the  tip.  £ip.  i^  Inchee." — [Proo.  Eut.  800.  Phila.,  vol.  1 
(1861-1863),  p.  2X9. 

NOTK  62  (p.  [64]). — We  reproduce  almost  vm-hatim  the  remarks  on  Mr.  Edes'  mate- 
rial, as  given  in  the  Amtriean  EniomoJogUt,  vol.  ill,  pp.  128-129: 

[Mr.  Edes  kindly  accompanied  hie  communication  with  specimens,  upon  which  we 
will  add  a  few  remarks.  The  worm  that  takes  the  place  of  onr  Aletia  is,  both  by  the 
colored  drawing  and  the  specimens  sent,  easily  distinguiabed  from  Aletia.  The  foar 
moths  are  in  poor  condition  and  show  some  variation.  The  species  is  one  of  the 
smallest  of  tbe  genns  Anomia,  and  between  illila  On.  and  Hlibners  figure  olrxaeta,  of 
which  Professor  Qrote  kindly  had  a  copy  made  for  ns.  In  the  larva  the  front  pair  of 
abdominal  prologs  is  perfectly  obsolete  and  the  second  pair  of  nearly  the  same  size  as 
the  others.  The  piliieious  spots  are  reddish  withont  pale  annulation.  The  chrysalis 
has  the  cremaster  less  swollen  at  tip,  but  otherwise,  except  in  smaller  size,  is  undis- 
tingnishable. 

Tlieegg  is  so  similar  to  that  of  Aletia  that  it  is  donbtfol  whether  there  are  any  con- 
stant diitingulshing  charactera;  the  ribs  in  tbe  single  specimen  examined  are  some- 
what fewer  in  nDmber  and  conseqneDtly  more  marked. 

That  this  is  the  "Cotton  Worm"  of  Bahia  Is  interesting  from  the  fact  that  Aletia 
was  desoribed  by  HUbuer  ftom  that  place.  If,  as  we  cannot  well  doubt,  Mr.  Qrote 
has  correctly  determined  Htlbner's  figure  of  Aletia  to  repreaent  Say's  yoatMo  xyltna,  it 
will  also  yet  be  fonnd  there.  There  Is  a  possibility,  however,  that  the  figure  has  mis- 
led, and  the  description  of  Htibner  is  certainly  of  no  value  as  a  guide. 

The  cotton  bolls  contained  the  following  insects,  which  all  appear  to  have  fed  upon 
the  seeds:  (1)  a  small  Tineid,  badly  rnbbedbnt  distinct  from  the  species  so  abundantly 
found  in  the  United  States  under  similar  conditions,  and  which  is  flgared  by  Profes- 
sor Qtover  as  possibly  T.  granella,  bnt  is,  as  Mr.  Chambers  informs  ue,  a  new  species 
of  Xowma.  It  is,  however,  a  difiierent  species.  (21  Several  specimens  of  Hgpotha- 
tMNMU  truditut  Westw.  (hiipiduliu  Lee.),  which  has  also  been  found  in  diseased  cottAU 
bolls  in  the  United  Stat«B  and  on  the  Bahama  Islands,  and  which  also  bores  in  the 
twigs  of  the  dead  plants.  (3)  Two  specimens  of  a  Parat«iistu>,  differing  from  tbe 
allied  North  American  P.  punctalat,  which  is  found  is  diseased  cotton  ooUs  in  the 
United  States,  by  its  very  strongly  dentate  thorax.  (4)  One  specimen  of  a  Crypto- 
phagid  tieetle,  apparently  andesoribed  and  not  occurring  in  the  United  States.  (6) 
Four  specimens  ol  Araooenu  /uMicHlaCtu,  a  cosmopolitan  beetle  found  In  articles  of 
commerce  and  frequently  observed  in  diseased  cotton  bolts  in  the  Sonthem  States. 

The  large  bug  is  the  Cott«n  Stainer  (Djisdsroix  luturelltii  II.-S.),  also  found  in  the 
United  States  and  greatly  injurious  to  cotton  on  the  Bahamas,] 

NoTK  63  (p.  [65]]. — A  large  Sphingid  larva,  probably  of  Ifaarofila  mttica. 

e  the  genuine  Aletia,  as 
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ofUrvaor.  [110, 
ACtoldffi  iw.  Aletla,  [103]. 
AOui  mTilinalit  Ts.  AtetK  [too]. 
Aueului  TS.  Aletla.  St. 

-^  (loej. 


entaby.sa 

»1D,». 


panut  va.  Aletla,  [IMI- 
An«tin<J.  D.), ' *-- 

md«nna'A(>ulii«^  localities  for,  [104]. 

Azalea,  63. 

Bahamas,  absence  of  A.  zuUna  from,  2L 

biBlory  of  A.nyliiwin,  42. 

rsTages  el  A.  miUaut  In,  41 

Bohla,  cnltlTaSou  of  cotton  in,  43-44. 

hlstorj  of  A.  lyltna  In,  4S-44. 

,     loaecta  liilnrint:  cotton  Is.  43. 

Ball's  eiperlments  on  fnagns  infection,  1 

Bailey  (JlF.J.aoknowIedgsieDtofaHlatai 

Lteratnreby,  330,tSl. 
Balt-taipB,  Blskley'a,  321. 

Oanett^a,  317,320. 
Eeaid'a,  SIT. 
net  fom  of,  318. 


Balta,  adhealTo,  remedy  fbr  A.  lyKaa,  n 
alcohol  In,  tlT. 
oslse  isTsiT. 


oobalt  Id,  320. 

honey  In,  120. 
moUest*  In,  SIT 

Tlnegai  in,  311, 
wax  ui.  320. 


sdBiGooi^le 


[126] 


BapHtia  Unetoria,  tSL 
Bubee  <W.  J.).  Uleiadins  b;,  3S1. 
B«rbad<  ocontrenceDf  J.iyUiuilD.  43. 
Sarti  an.,  injuring  Doe  Ttnaei,  1114). 
B«ni  8«>Uow  HI.  Aletla,  W. 
Banurd  (Dr.  W.  S.),  uknovledgmaDt  of  Mdit- 
■oca     from,     IX,    izzl, 

on  upUcatloD  ofkamaneto 
OOttOD,  [113)- 

aflect  of  OT-eye  dalay  ex- 

ewd-hftblta'of  f (Uottit  or- 

migtra,  3B1. 
HdioUii  armlfffl-a  utlos 

Datura  ttramimium,  36£ 
nuohlneiT    for    apnmDs 

oottonrflUJ-rllfl. 


<■  (Willi 


rt  by.  IDl- 


-rlirf). 


Barrett's  dollMtor  aoiile,  Z09. 
BftTttiw-pninH  In  polBanintE.  27fi- 
Bbttow'i  dlTlded  n«  nonle,  196. 
Bam'a  ro»  oomblDaHoa,  IW. 

Barttaemy  ( ),  liwretnre  by,  riW]. 

BaMflwood.  OS. 
BaliH.  AletiB.a7. 

H,  SiUnOut  armigara,  BTB,  [10). 
Beub  (A.S.),  litentonby.  S31. 
Beau,  foodj'lut  of  fdioMli  arm^ara.  3St,  [IT]. 
Bealing.oirthe  inaecla,  310. 
Beo(£F.),ell«d.  16. 
Bre  Martin.  Tenacolar  naoin  nf  Tyrmitait  tan 


TB.  fiiMelAi«  armiQwa,  [1>]. 
BMCb.  W,  73,  V 

Ball  (A.  O.),  OB 

Ballon,  hydnoUe,  M 


pnenmatlo 


(1101. 


a,  kUUng  Inaaeta  by.  311. 
xiin.  J.  §.),  lltentun  by,  SSI. 
gf  Ai»^  ntinu,  VZL 
BMoOnt  armigtra,  BtS. 
Mnuvlofo,  Siboifia.    (&»  BOeoMa  bifaeiala.] 
blmatulatut.  Oalimri*.     (See  Oolowrii  Unoi 

BlnUey'a  Doulea,  210,  3».  280. 

spnyln^  inaobln«  ^ha. 
MptriutQhftd,  Anonu.    (Sea  j 
^:di,  iafluemwafTaln  on. 
of  Hoi 


&tal«a.  refermce  to  liat  of, 


■I.  Al*Uk.BI,SS,[2Sl. 
Ta.  HMeMi  atmigtTm 
A  bolt,  T4. 

aaleanooa  piatiiaa,  98. 
arataceooa  pnlriaa,  OS. 


0>k,«,«7,Ti,T&7ELTB. 
pnuria  nidon,  b7,o^TS-T4. 
—Jnat,  U;  18& 

koak,  ««,7II,',-, 

rDbloHona  fed  on  by  moth  of  jl. 

imlnuB,  Z43-S49. 


BUat  aprnlue,  2t3.2a. 


tapt«ln| 


If  Spiumma  [Lmtearetia} 


Blowcn,  air-pump,  U»-ibl. 
gaaerator.  SGI-192. 

BtelnmaiiD^,  351. 
of  flulda,  ntuy,  23£'28S. 

Damell'a.  2Sa-ZS4. 
Dew  atTls,  283-233. 
Peil'atumlsating.SU. 
poiwm,  22e-252. 

SaDpratlie,  2Sl-2Sa. 
ascUlaUiig.23e-2IS. 
ndprocatinff,  MS-Z3L 
rotary.  S2e-m 
powiter.  rotary,  227-283. 

reciprocntuig  platooad,  24(k^U. 
roUry  foroe-blast^^an,  2ST. 
Blnabird,  TemaDntar  same  of  jKotw  noUi,  170. 
va.  Aletlo,  K& 
VB.  HHMMt  ormiffaTa,  []9|. 

jay  M.  AVtia.  88. 
marl  lands.  S5. 78,  T4-7S. 

.    r8(tion.«S.'72.' 
Blimt'a  ''Louis"  pnmpa,  2Tn. 
Boddle  (J.  W,),  ifterature  by.  358. 882,  [1311. 

on  identity  of  Boll  Worm  and 

paruit«a  of  H^iotUt  ami 
gera,  877. 
Bolt  d'arc.  74. 

BolsdoTal  <J.  B.  A.  D.),Iitaranireby,  383. 
Boll  rot,  caasa  of,  307. 383,  [2T] 

anppoaod  tobaouued  by  BAwlhii  amti- 

gtn,  S«7,S0a. 
aymplomaot  S8T,  [23]. 
Wonn.   l3eoHaUotkit<im>«ra.) 

Tenuonlar  Dam*  oT  SAiMlal  armi- 
gan.atA.fBt. 
Bmata  usiMlu*  ti.  Alatla,  88. 
Bond  (W.  J.),  l]|«rBtiireby,3e2. 


Bottov  dak,  7 
Boy  la  (J.  F.), 

BrodiinMsp ,  „. 

Jtroci^lamj  ap.  It^arlngDaaFeniial,  1114]. 

Brandt  (L,),  Uteralnre  by,  831: 

Branner  (J,  C),  auisUnw  from,  u.  ■■■■'^n 

alted,48. 
Bmill,  hlitory  of  A.  2{ilifia  In,  43-44. 

ncODrreooaof  A.  lyjina  In.  43-44. 
Breed  (D.),  llteratnre  bjAl. 
Brvitenbasb  (WJ,  cited,  88. 
Brewatar  (Sir  Davtd),    Bdinbarsh    Cyolnpadla, 

llteratnre  in,  331. 
Biiue,  effector,  on  Alalia  wlwo,  I2S.] 
Brltl^  GolaDa,  hUtorv  of  A.  a^liw  b,  48. 
Brooraa  In  poIaoDlng,  228. 
Brown  (H.  C.) ,  qnofed.  SM. 
Brown  Iron  ors,  74. 

loam  lands,  te,  70. 71,  TS,  It. 
reirlon,  OS,  75-77. 
Browne  (D.J.),  Ill«ratu»  by,  183. 
Bmah-llke  poison  tbro *"*  —• 


Impttii 

MB  of  moth  of  Agrotla,  H.' 


of  JVThorctia  inMIo. 
_  .bitancea,  SSI.  £23. 
BmshlnK  off  inaecta.  BlO-314. 

■"""'""" ritininiiBher 

Korth'a.  213. 
Lawia'a,  2T1-272. 


.  lyKu  anatomy  <A,  S3. 
in  Lepldopt^n,  U. 

■ xm-. 


BuGket  pnmps,  ritinipiiBher  fann,  378. 


nndourable '  forrDa,  873-374. 
watarpot  form.  378. 


,Goo<^lc 


[127] 


Boakne,  renuoiiUr  Umi  of  A—nOu;  [30]. 

Bnclcsbot  clsj,  08. 

Bad  WociD,  Tsnuwolu  iwma  of  BiiMUtmraii. 

ff*ra,36a. 
Ban,  efTect  of  pyreUmun  on,  |19]. 
BnSMb,  Ica,  id.  170. 

pluiUtioD,  prodBitlOB  of  prrathnm  at, 
111!]. 
Banatlii  at  BnOklii  SooletT  of  Natnnl  SolBKHa, 

UHmtnn  In.  334,  US, 
BiiiimU»,S7. 
BorstiM,  E.,  Hknawlcdinicnta  to,  ii,  nxlr. 

olMd,  48.  M. 
Borlal  kill*  the  durwlla  of  A.  lyliM,  IT-ia 
'itar(H.).crlllol»d,Sa. 
(W.  L),  llt«ratarebT,  gS4,  m. 


BqtDUD  ■  pniDp,  ZTB. 

Cabbage  PlDiia  oontaliud  Id  tunilj  JVootufdo,  1. 

WDiina,  afltelof  prnCbrDmoD,  (2:J,[2B]. 

vBgetablo  srepaxaaoiia 

■ob.r3ii. '  '^ 

OKawterMruHiiaparaaltcdbytnaleitaMte,  |111). 
Calahan'a  polHinlsE  ouia.  2H. 
Calcanoaa  aoU*,  ST,  Tl,  7S,  TB. 
(MUda  dtecn  vi.  Aletla,  ttk,  M. 
OatHrrliai  triBtwIslo,  lucallliea  for,  {IDS]. 
CblloHmta  pnmttSea  parasited  by  OrypUU  mm- 

Oaioeoru  Unmailatiu,  deicripUon  of  imaeo  oC  Mf . 
lalory  locoltoD  bolls  bv.  MS. 
nvMw.  dMCTipUap  of  ( 


, if  liBUo  Ota* 

litjary  to  ooUon  bblla  by. 

Oaiefttmu  dff innHaUt  wa^Md  hj 

upaiuU«db7i 


ui  ngi  n.  AlMkli. 

—  SatomolaaM,  Uteratu-i.  ui,  • 

sw,  M4,  sea,  tH,  ulim,  [its},  [iiii. 


iinis,n,7i.Ti. 

CaDtbraka,?*. 

OaiuuHi,  fbod-plant  of  SMilUt  mrmiaenh  M 
"" '--" Unat  Aletla,  11 


b  food-phat  of  BtHMUtm-mi- 

Oanbldn  feMllDK  on  AlMda,  »i. 
CaiboUo  aotd,  18S. 

remedy  lor  A.zyUtia,  aa. 
CirbonlfCroiu  fOTmauou.  V,  It. 


KUmn,  65. 

H  AJstia,  ea. 


Cardiaal ,  __. 

aanKiMfif,  Attw,  Ta.AlMla,  [1M|. 
(terdliiaUf  virfMoniw  va.  Aletla,  8S. 
efwnria,  Sartefkaa;  Vita  Bancnhaaaeammrtti.) 
CaraUiw  Fanwr.Utaiatnn  in  Sflt^  Nl.  3t7. 
OvpMa«ip«MMBa  pMMlted  by  ninfla  aiHwl- 

Cart  powder  bloireT,  US. 

Carta  In  pidwuitng,  aw^OI. 
Oarys  aMani,«(L 


fololpa,  A>Uh.  tSae  .^Uw  Mtatoo.) 
CatoUni  Cueela,  auoUiMa  tat,  tl04U. 
(rap*  ibr.  IU-3>1.* 


"CatarpOlar,": 
aaWrtai,  OiuiwM,  87. 
CaUw-AJatia,  [1061. 
CabaUoa,  H»  IoCMft  ^m,  4: 
Cedar  ^ea,TB.Tfl. 
CtBtnf  AmS! '       ' 


»  blaaU,  »4-24T. 


Clark'i.  230. 

CUffiird'a,  TK. 

Gelow'a,  220, 221. 

Oray'a,  221. 

Eoamcd'a,  331. 

Boti'.  2M. 

Horer'a,  220. 

Jobuona,  820, 211. 

MoO^hy'B,  221. 

with  oroaa-plos,  321. 

witb  rotary  aegmeBt,  230. 
raaa  aprayen,  102-103, 
■lot-aprayers,  lEr7-lS0. 
ipray-wbaela,  221. 
tbrowara  of  poiaon,  131-3ia, 


Oirmna  aaroitiHMubkiMomafMoabynotbnf  A. 
iaKiia.10. 
food-plant  of  PlMaria  nbwt- 

difflcolty  of  dafining  fiadly,  [112]. 
food  babita  of,  [112]. 
•la.  daaorlptiiMOf  luraof,  {111!, 
popaof  run, 
Inaaota  pararitsd  by.  [111], 
▼a.  AJefia,  103,  IKIIB,  IIB. 
pnmp  ISO. 
t  of  ItMaxytiM.  I-O. 

BaiiiaUarmiatn.tU. 
Cbaileaton  Ueiaaiy,  litaratnre  to.  H3. 
(a— WajwatlWM  OMMieaiHU  va.  AlatU,  M. 


"ChaDllle,"  u 
VktmifiMiim. 


oatM, 
Ob>T«a JA.  J.),  quotsd,  ssa. 
Cba  V  (F.a ), •oknowladjanent  of  aaslitanea  of,  {ITI 
Cbloaaaw  pin-    "     =^^*^  •  ■  ..     <.  I 

CUotlHU,  T( 


If  aaslitanea  af,m>. 
CD  bj  motli  of  A. 

of  OUhtk 


a  protection  agalut  AletU,  I3S. 
axperlmenta  wltb.  [31]. 
Cblueaa  qalase  bloiaoma  fed  on  by  laatb  of  A. 

Ch^oapln^  TO. 
Obhtby'a  pump,  2TB. 

ChlahdnlOi. ),  (ritad,  U,4S, 

!ll«ratare  b;,  S32,  S91,  SS8. 
CUonl  brdrato  aa  a  preaerratlTe.  4S. 
OUorlda  of  lima,  remedy  for  A.av'"*'.  *1- 
(MtftUt^tiuatci,  amoDym  of  ^qiijit  viPUMM,  Ml. 


lati^iB,  320. 
■p.  m.  Aletl%  88. 


CbnmotagiaalBccoDnt^A.xylHia.  (SMHlatoiyol 

.A.  JylfiM.) 
OhryMlta  of  A ,  aylvno.  desDrfption  of,  BT4. 

*  and  flKore  of. 

8-0. 

daattvaUOD  at  128. 
fbimatbnofl. 
klllad  bj  borlal,  lT-18. 
named  SalomlUa,  4t. 
other  nedea  ooafonnded 

with,ift-n. 


^dnyGoot^lc 


[126] 


i*of,B. 

.„.— I    frvaiperda    oonfOaDded 


Oiear  srultntm.  food-pUuit  of  iMlaCMt  amtgtira, 

OMndtla  luvB  feeding  oB  tafa.jim]. 

pwwUtlata  TA.  Alati&.  95- 

vrata  va.  Aletla,  M. 

iptendufa  UicaiBd,  B6. 
CldndeKdB  feeding  an  Aletla,  BS. 

Our 


[111). 


A.10!. 


CUtem  pnmpB  in  polflonlniF,  2T0-2TD. 

(TilAa-DTiia    rtgatii  larva  nanalted  b;  SaleolrfB 

bifateiata,  (flO). 
Clarka'a  Bpray-pfpe,  120. 
ClusificsfiOBoCi.  zvlina.  1,2. 
CUy,  S3,  Bl,  es,  09, 72,  la,  74, 75, 77. 

Claniole  (E.  W.),  litentiire  by.a^. 


m  food  b_. 


•itaof  HettotAltor 


Clean  onltivatioi 

Cliflbwl->  apraj-pip*,  -„. 

Ciiflonia  ligiittrina,  07. 

Cl£aate  of  UottoD  Slalea,  59~t2. 

Clorer,  tOoi-fiaatotDratUriaerii*ua.M2. 

imam  "f  Siliathit  armigrra, 

Platyhyptna     nabra,     SM, 

CoBl-meaaarea.  7^  7C  77, 7S.  m 
Coast  plaloa,  67 . 

piairlea,  68-09. 
Cobklt  In  balta,  320. 

CoKimtlaJptiitetata  ptnMiteil  bv  Pbont.  117. 
Ooainellida,  eg^t  of,  mlitaben  for  egga  of  A. 

TS.  Aletla.  96. 

TK.  SriicUu  armigm.  376. 
oHnMHTnr  VoIniMruni.  localltiva  tor.  (loaj. 
OnKMIuaoMrfeanutTS.  Aletla.  BK,  [20]. 
CootfebnT.  184. 

CwDOHor  A.  zyliiM,  fonnationof,  B 
Coflee  Weed,  136. 

focdplant  of  Imago  of  BtU/Ohit  mr- 

Cold  klUiog  iDsecu,  31  i. 
CoUoplera  feeding  on  Alelia,  95. 
ColletatialgUDilaof  motliof  A.  oyUna,  aoatsor 

Collidlng-JBt  nOEzlss  194. 
OoUopI  guadrimaculMIU  tb.  Alstia,  97, 
CoUurio  ludoeieiania  ra.  AletlA,  88. 
Colman'BAnral  World,  lltcntnre  Id,  989,  Ml 
Colorado  CiUieo,  Utemtnni  la,  S81.MJ,ilO<ll. 

Potato-beetle  devonred  bv  lUatii,  100. 
r.nJon  of  UcTB  ot  A .  n/hno.  7. 

lombu*  (Oa.)  Ingolrer,  IStantnTe  In,  HI. 

u>tiH>«j.  LinupkSi,  T*.  AJetla,  [1061. 

t«u(ala,__ffion<si,  fbod-pUot  of  iari«  of  A. 

)"I]awiu.3n. 

IiMgntroy'i, 


oadUatlDg,tn 

nptpnaMiiis 

itl-zei. 


ballowiaa.»ra. 
oaoUlaUuE.  Z«!. 
reoiproealing.     ! 


oriptloD  ot 

t(1M1. 


ComMook  (J.  H.),  lUeiMBK  b;,  328,  >»,  tSl,  IM, 

■mltelna.  <SeeA«iEeslrufDnueagWO. 
iBfAino,  flgare  of Wva  ot.  oompand. 

Condition  of  soil  and  plant*  oonneotod  Irttb  th* 

appearanoe  of  tbs  first  wonas.  Sl-ffl. 
ConditloDi  aHMtlng  liibernallon  of  A.  xgttHO,  22. 
Condulta  for  blast  spT«va,  218-219. 
blaaO,  24*. 
of  poleonlnz  mocliinn,  Ht,  248-349, 389. 
CoDDerlT  (D.  C.  B.j.  Hteralare  by,  332. 
eonqttmtor,  Oryptut.    (Kee  Cryptut  eonyuifUar.} 
Pimpta.  a  parasite  of  the  pnpaof  A£^ 
liHTvlinn,  IS. 
Gonatancy  of  occnrrence  of  luraaf  A.  nrf>>ta,Il. 
CoDTrvauce*  for  manhinery  In  cottoii  field.  JUG). 
Oimixitimlaet<K,  foadplaata  of  HtUeOii  armigeTa, 


Copper  sulpbsts,  experlmea' 


Woim  contained  li 

vemscolsT  name  or  atuotltu  ■rat- 

ComMlve  i^Dbllmate,  erperimeata  with.  [201. 

"  Cotton, "  literature  by,  332. 

CoUon,  ooliiTallon  of,  id  Babia,  13-44. [in)-IUl]. 

Florida,  [6]. 

UaniaoiUo,  40. 


(bod-plaDt  of  Hiilothii  anmgtra.  8U,  tW 

887,359.1171,1281. 
Imago   of  BllioOal   omi- 

•jira,  372. 
Lavllygma  ftmiptrda.  3S3. 
llmrotUa  rTuhco.  [121]. 
liOorod  by  "red  spider,"  [51. 
Insaeta  litlnrtng.  In  Bsbia.  43. 


nela,  42-19. 

Irregularity  in  planting,  [1I11-(1U1. 
Amy  Wonn,  name  of  A.  n/rni*,  1. 
BelCw-M. 

dlTialMi  of.  nOG], 

biighb  nuM  •>(  my 

■ymptODu  of,  [2B), 
Ik'Jb,  inieola  feeding  on,  IlllJ. 
CatatpIIIar,  name  oTA.  aylAia,  1. 
oflltnra  and  tbe  Inaaots  (flbettu  the  pi 
at  Bahia,  BraslL  4»4r 

decrease  of.  In  Ceataal  Au« 
*od  West  Indies.  )I. 
CBsrales  In  other  oonnliiea,  39. 
leaf  esaenoo  tor  attnotin  K  the  BOtb,  1> 
Moth  salted  Abtta  nvCUooM,  1,  *n 
plant,  Poisoning  the  glanda  of,  Itt. 
planting,  hlatory  of.  In  FbnUa,  [•). 
seed  011,168. 
States,  aerloBltual  mbdlTWoM  (<M 

o&nateotBV-O. 

genaral  fbatnns  of  the,  W->). 
*  Mloflsal  aketoh  o^  61-68. 

DmiteoT.ES. 


SKTo?'^.'"-'^- 

Venn.  (Bee  iUHa  zyKna  ) 
luTeatlgatbHi,  oiroolai 


i.Gooi^lc 


[129] 


Cotton  uronn  fiif«Mlg»tI<ni,  UsMr;  of.  xxtIL 
iiIU. 

.    ■DBchlncrj'.ISI-ESl. 
C<ittDinrood,ft)od-plBDtof  .Z)rwlcria  triMaa 
OMurnieuMnttontii,  Ditund  vnemy   of   A 


CoW'p«.  vonuKQlftr  i 


le  of  DoUiAoi  ap. 

Vigna  ap.,  II 

o,  .[..Kiinj  Jr.  *S 


Cnmmi  (B.  T.), 
Cmjilu  iD&p  (o 
CretUMDui  form 


irof.illlt. 

)D*',  (£!,«.  lie,  7i~7a. 


CiicliftB,  dmniEC  Ui  cotton  kv.  Is  Floridii  [T], 
trttlatu:  Friotuilui.    (Sut  PrUmatuI  erulaltu.) 
CnuTlinben.T*. 
Onion  rapitalum,  IBS. 

^fonduforum,  180. 

mmamhomnum,  IK. 

Crowley'n  Ridge.  «f 


■cblsn  ( 


r,  811. 


CrjptopZiRclil 
CrmtM  annul— 
[lllj. 


mnchLDeT)'  (or,  HI]. 

ftina  OD  coitoD  boUa,  [^fij. 

erronenuB   Byii<>B}m;   o 

(iionjinrof,[ni|. 


lit. 

BynonTmr  of,  11111. 
CrysUlllDa  roote.  8:2. 

■Utei^  n. 

Cal«.  t^tagrt  at -A- tUm'  In,  42. 

CiibBnpine,e7.7a. 

(;uEkooM.A1etia,ex. 

CDOiimhoT  tne,  BB. 

CucHmif  nulo,  fW.plant  Dt2r<Iuiai>  armigtra.  863. 

(Tiwurtlbi  P^M;  fooa-plant  of  Stlio(hit  armi^ara, 

iwmWDM.  tUod-pUnt  of  SHioUiit  ttrmi- 

OUmrfe  IfiiHiF,  food-nliint«  ol  BeliotMi  armistra,  3S1. 
Cam)  (Tai.)  Doltelln.  literatarolD.  331. 
CaltHotor  powJor  blower,  iSB-fflU. 
Cuj^i^DHia  t«]MB  VB.  Aletla,  88. 
Cal.irormB,  coaulned  in  fmnll;  NoetuUa,  2. 

«i)oiii<e«  to  oottOD  In  Greeov,  88. 

ooonrrenceof.ln  Florida,  te),[;|. 
tVonupua  eirii  va.  AlMlo,  88. 

AOtMS  vn.  Aletia,  BS. 
CbonunusriftatiuT*  Alcllm,  88. 
(Wpidd,  dlfflcoltv  of  dsflniDR  [MDily,  [1111. 

food  baSlUoC  (1121? 
CjpnM,  M. 

'  ewunjw,  C6,  OS. 
(Vton*uni  *u£iilimt  Ti.  Alalia,  lot ,  108. 
D.  (>r.  B.),  Ulermtnn!  by,  382. 
Jhiefvlai'iu  bd.  mtBlskoD  forennof  A.IuUnOiB. 
Dnon  (*.  B-jriiWialon,  l>y  ^ 
Itanatf  arcAimnu,  Ima^  of,  u11fli;iaL  falbf-nialloil 

brnsh-uc  of  Imago  of.  SB. 
DaTwiD,  F..  dlsd.  BB. 
Dalmra  MratnaAiuin.  184. 

BXperimeDtavllh,  [201,  [11]. 
food.planc  of  BtHoilat  ami- 

IJanRhtTcy'B  eolUdlDRjEt  nt 


<itl«.  IM. 

,      ,  ir,aS8-2«l,iiTl. 
mylsu  theory, -JJ8-2ei. 


63  CONG — AP— 


I>aT]('  ailtlnjt  mkohlne,  US. 
Dawwin's  plne-ioaa  noule.  1B3. 
De4d  Shot,  JobiuOD's.  M& 

lemody  lor  A.  xyllna,  B8. 
Dsadly  iil(htahada,  IB*. 
Deafeliu'  sioaliiior  pamp,  371. 

hydnmetu  pamp.  261. 

DeSowadommorsUl  RSTlev,  UtAraturaln,  S34. 

iDduitriid  Resourcea  of  tbe  Soatbeni 

and  (Veateni  Btat«a.  UterBtute  in.  882, 

334,  837,844. 

Jtei'lov,  ilMnttare  in,  823.  882,  837,  84S, 

Secrean  of  ciitloD  oalture  In  Central  Ameriea 

and  WoBtI□dlo^  21. 
DoUeolor  noziles,  iOO-Sll. 


Blnkli-ys.  Kid. 
DoiiElna',  HoUliiKa',  208. 

n».viien> 


a.  Killun'a,  Lewla'.  MM. 


ia  gomipi4lla,  £ut  India  ootton   boU- 
wonn,  824. 
•DerDj  to  cotton  In  India, 


DL-aCroctlonof  Che 


^hryaatldeaof  ,1.  zyUno.  128. 

DOtliof  A,  xuliwi,  129; 
noiha  aa  n^medlva  fur  ffeluf 


Dlokennen  <C.  W-i.  1 
JKdlctyum  cigiae.  {t 
d^rrruCialu,  CaUtpUr, 

SlseatlVe  oanat  of  li 


:.    (See  COIeptmiM  d V«mt. 
a  of  A.  ^ItTU,  anatoni]p 


iJlll,  a 


DIonmtUi  ditcBhr  v«.  Alt 
diotcn,  Napaea,  locallllu 
Slptern  deairoj'lnji  Aletli 
DlslodclnEuf  inaecls,  ait 
DIstiiliDlion  of  pore-oani 

Dii's  pamp,  272. 
DiBmtai  ap.  rs.  Aletla.  01 
Dock  TTeoi!.  ISO. 
Dodge  (C.  It.),  literature 


DogK,tAletlu,[10el. 


iarmuthDf.i.  aylina, 


D<&*mix 


r«.  Aletla.  88, 
Doliehat  led  an  by  moth  nt  A  lyUiu,  10. 

fCHKlpluut  of  Rtliailtii  ormtjwra,  363. 


DanaTaD(J.),uBa(if  I'arlagrepnfarAlatU 
UanalTeaKlDfjDrvaorA.il/lina,  auabio 
i>DryHvrfHaz^irtit  va.  AletU,  UU^  (rj,  8J. 

Donble-notfBK  biml  pumiM.  278-283. 
Doobleday  (£.),  Jiteralun  bv,  SSt,  332. 
DonelM' aqnapult  pump.  2W-27I). 


DngOD  fllaa  M.  Alttli,  lUO,  [B|. 
Dtagi  for  Tcmorlnic  Inaectn,  310. 

ftlclional.  ilislnieiQE  InaeoU,  3LD. 


..Goot^lc 


[130]  IK] 

DnuUria  tncMM,  dHOriptioii  ot  agg  la.llW. 

bod'pluita  of.  3SS. 
EMqzmphioal   dlttiibnUon   of, 

hubitaof  moCbof  351. 
mJsUkan  tat  AUOa  xyUna,  3iS. 
OTlporitlon  of,  B53. 

ttiltliam  of,  352. 
Diift  uUi,  M,  ts,  TO.  Tl.  12,  73,  T4. 
Sronabt,  ooDiiHitlim  of,  wlUmTai[»  of  A.iyltea, 

Diy  oppUoatton  of  ansgloBl  poboiu.  lit. 

wnUHT,  InfliiHioeof.  od  A-hkUwi,  M-M. 
Drj-nen  kilUag  (luoct^  ail,  Bit. 
Dryoooifip*  larnB  p«ntit«a  b;  StlsoMi  W*'^ 

Ota.  [1101. 
I>nBoK(J.W.),  letter  by.  8&-W. 

Uteratursby.Baj. 
Dndlay's  light  tnp.  8IB. 
Dnke'B  liEht  tmp,  31S. 
DoponohiKP.A.J.),  Iftaretore  by,  381. 
Dnteh  GelIjuu,  hiAtorjof  A.ayliiuilD,U. 

Sinui.  i>liula,  dewiiJptioB  of  bn-ftof,  (100). 
jet'B  HlXDonette,  Tanuicniar  nam*  of  JtHMla 

_^__„..  „^iyo/ ju,  enemy  to  oot- 

too  in  AiutraUA,  3D. 
feedingon  ootton  boUs,  [121]. 
iBvigoBOt  rei. 
nlir  uUDt  at  M^iathit  oratf. 


Eddy-chuubemd  ccntrJfunl  Doiilei,  211~2ISl 
Zdes  (li.  A.),  latter  rnns,  43-44. 

remarkii  Ob  ipeolmeoB  santby.  []£1]. 
Edlnbnrgh  CyBlopedia.  literataie  In,  331. 
Edwaida  (B.) ,  literatflre  by,  322, 333. 
EggotA.xgUnii.  oompued  witb  tgg  of  Attanit 


...relold,  B. 
dHOOmpand  witb  «ggof  Alilfa 

i,deitn]otloDaf,  iza. 

baloLlDEaf,  a. 

killed  by  frat.  S. 

oUecK  mlBtaken 

„...,._, ofarugMi 

OoccifuOidv  tnlatklun   for 

iCcottonpueiDlr>lD,39. 
iutut  gupltelri,  n.  en.,  d«rrjplkin  of  ImSKo 
of,  [IDDJ-llM]. 


Jhh. 


of  Sambueut  eanadentL, 


I  sirung  maehtev,  3N. 


.SlftpIUBiteHTB.  AteUft,  tM. 

ouodii^ulala  tb.  Alctls.  M. 
«iiloML«Ua,loaBllti«  fur.  [1041. 


SnglUh  ■] 


lS.[10(ll. 


f«  by,  M2,  343. 

™!j"ll,llK) 
itDologlflt'A  UoDtUy  UihgkUJie,  literaCnre  In, 

_,-ira'iunaio  Tt  Aletla.  8 
Kpelroidc  M.  Alalia,  {IM|. 


2p<<ra  fttllata  n.  Aletl*.  8»,  [■««). 


nrrKIojMaiVA  TanriM  by  (U- 


(Turfilul,  BiTHltouniiH.  (Sei 
Erytitrina  hwbaaa,  food.plui 
tuna,  Oimtpilia,  stdodtdi 

TM.I1I1J. 

IWroMUWf.  (SeaTWraitiaHiaaMnu.) 
Aqwrls  oubifMa  inqultliwDs  vUh  SaloMfrii,  ft, 
Jiaiatoriiuw  wr/nMatBui,  IM. 
E<tptlm«t  ap.  pantltlo  OD  AptuUOm  tlUim,  llMl. 
AwAorbiB  Biaratiuts,  IBS. 
mt^turi.  SImlatha.  <a»e  Jtamtfifr  m^mri.} 
fiu]iJ(elnuoDnutoeUt.aeHriptlin<" '  ■'"*" 

plwtH.ll< 

pIo^ri^pfltB,  puMll*  Of  PlaqAffuM 

f^Hpldna.  bmah-no  of  moth  oC  iML 
Emymitfujubrit  n.  Aletia,  SO.  (IM)- 
futcAMiujItrilu  vK  Alstu.  ffr. 

^une(i|Hf,  food  babha  t^^Mft- 
lnJ  aiy  to  ootdn  boUa  by,  M. 
n.  Aletla.  W. 
trial^mu  Ta  Aletla.  (8. 
Estaw  Whig  and  Obaerrer,  Ut«Btai«  la,  3B. 
EvagoTia  ciridit  vs.  Alella,  W- 
ErendoD'a  barrel  panip,  jn. 
ETcnini:  Star  (^aBhiuetin,  D.C.).  Utealanm. 

333. 
Evldonoe  on  faibematloD  at  A.  nrifii^  wamutij 

of,M. 
Bwtng'a  inaaot  awceper.  311. 


EiemptioD  of  ootton  Irom  atbick.  eanan  et  |U'. 
Biotic  orlala  of  A.  xvUma  diaenaaed,  M. 
Explanation  to  plate*.  385. 

KtprimBHi,  BtSotkit.    (See  HillalUi  (vruwu  ) 
BzteaakiD  plpce  to  hydnnettea,  ML  SK. 
aMntao,  IV6wi>alAa,ys.  Aletla,  |1IKI. 
Xiternal  anatony  of  larra  of  A.  otiMI,  4£-4i. 
moUi  Df  A.  »»ta.  4M>. 

abdoman.  H-Gl,  M-St 

lkiwl,4a. 


CtjTPbi*,  aynoii] 


X°i 


ntLivhr^' 


i.  ttimedy  for  A.  aylwa.  3ft. 


and  VUmUta'   BncrolopHlW  o: 
■~ ln.S»». 


Reiciat«r(T>.)',  Illi 
Review,  ](tenita»._ 
fiueialji,  Argurpe.  va.  Aletl^  [1 
' — ^^-  '-lui,  AraoaaruM,  feadii 


in,  M 


a.  Alrtia,  |IM]. 


Feeding  of  larva  ^. , .  .  -. 

motbof  A.iyUna,  proeeaaar.  S3-M. 
Famals  onnn*  of  motb  of  A .  if  Una,  BBatom;  n 

ST-SB. 
fmuraU.  AannUH^kolo.     (See  A 

Feouol  lu  balta.  317. 
Fergiuon  (I.  M.),  litaratnr 


>»,)t3. 
Fomi.  lileratnre  In,  131. 


[131] 


eu-aenenUiia,  Wt-^Si. 
pump  farm  o£  205. 
•jrlngB,  SeS. 
Fir«»,«MniettoaDf  m— ^-'—  " 


rttDllDf  uiDCflsbT,  [112]. 

liaotlDE  themothot^.  ziiftno.  12S. 

i;  for  A.  xvUaa,  K.  S7. 


Flatalu  oenlrlCuEBl  noziliM.  ZIO,  221. 
Fltsh  (A.).  UlenUire  by.  3Z2. 
7laK>.  wblUi.  rerneil)'  for  A.  zglina,  35. 
TUppen,  bsitiDE  by,  811. 
FUlB,  auue  at  l^i- 


&d. 


FUihtof  mothof  A 

Flint,  Te.  78. 

Flood*.  ciniD«otIon  of,  with  raTagei  of  A.  xgKna, 

Fl<nld>,  hlitory  of  A.  ivHna  Is,  14-33. 

DlspHcb,  llteratuisln,  S33. 
jlorWoiMtm.  lUiciutn,  B7. 
Floar  for  mlKlnc  with  ■rsuilcal  polnoiui,  140. 
Food  h*blu  of  Cloiadala  Inrvm  l^OT]. 
Oxvopet  Diridan$,  [IQTI. 
TKeridviaijiharuia,  [10«|-[10T). 
of  bbTTR  oIA.  trylina,  B. 

moth  of^.x^'"",  10-11. 
plAntB,  nuTthem.  otA.mtwi,  10. 

orUrraof  A.zvKtu.  IIIKHIM]. 

Lrueaaia  unljninclo,  1*. 
Pla/V^vpfnaff«Ara,  [104]. 
reHrrolr  of  moth  of  A.  xfiina,  taMtomf  o( 
54-SS. 
Foioa-blut  Totuy  blcnren,  SSS. 
pnmpi,  2S1-283. 

doable-Htlii)!.  294-203, 
Foroiog  the  oattoD,  nmed;  tbr  A.  lylliia,  3S. 
Pordtnm'a  Ujrbt  dip,  8U, 
Foract  itrowtb.  neloiu  of,  IM-ST. 
FoA  aiUDMmedtt,  KO-'Sri. 
spimy  d^ratora,  229. 
Fotkoo  blast  ■piay,  1^, 

spnyv  ^- 
Forks  for  powder  bluts.  237-238, 
Fonlsr  id.  G.}.  llteratura  by,  (33. 
FoM'  •livlded  nm,  aoiAa,  igl 


BilMhit     .        , _, 

HibUeut  f  rondijlora,  3W. 
pupation  of  SiHoUiil  armi- 

gtra.  378,  378. 
ated.3&7. 


ir  HeUnUIi  ami- 


reby.SSa. 

FHotkiii  dnc*,  dislodsluK  wonns,  310, 

Ifrlag^nn  uainat  uiKoti,  SIO. 

Fnat,  eObat  oCon  ohryHlfdu  of  A.  ayMno,  M. 

•on  otA,  zvtHHt  killed  by,  6. 
/rvgtpirSi,  Laphyftna.     (Sao  LopAyipu  frvgi- 

Fniltab<doDbymaUiofA,nKna,  11, 
FuBUa  <S.  N,},  Utemtore  by,  333. 
Pnltor  (A.  S.).  UtantDTO  by,  SSS.3S3. 
fiitlaniect,  ClpUdirst,  poDctarlnii  of  frnlt  br,  II. 
FnnlsMkn  m*oUns,  Perra,  234. 
JJnwMf.  SltriNipif,  Ti.  AletU,  flM] 
ronsu  InfeotlOD  of  tSMcU,  ISK 
Fannel  br  poboB,  288. 


1,  IIU]. 


1>.  QitHMo,  OboMt  oi 


Gkltney  IJ.  K.),  lltantnre  by,  833. 

GklTeaton  (fowl,  Utsntnn  Id,  82^  883;  3a^  840,  B4I. 

MOted,  358. 
OauiUaof  larra  otA.  svKtu.  uutomy  of,  4T. 
motb  of  A.  ayldu,  uiklomy  of,  55. 
GardoD  pea,  Tsnuoalar  Dame  of  Pimm  tMnm, 

382. 
Gu4«ld  (W.  H.),  letter  from,  41. 
GarUnbau-ZelloDE.  litentare  In,  388. 
QM-EBaeistor  ■aulrten,  253-257. 
Jot  auuln.  IM. 
W  water.  182. 
Oaumer  (Q.l,  Utenture  by,  338. 
GeeM  M.  Aletla,  HS. 
(hUcki/t  ffoittt-Mtidaffini*  paiaatted   by    OhabiU 

snUo,  [111]. 
Omatalkiu  of  A,  zvlino,  ptocnuB  aod  saaoe««iou 

or,  W-15. 
Generator-blowera,  Z51-2S2. 

Stelnmann'*,  251. 
na-ooDpreHlon  aqnlrtera,  358-2S1. 
Ganltalla  oT  male  of  A.  igUna,  anatomy  o^  [100]- 

(lOIJ. 
OeonuhlcaldlatrlbntfODof  .1.  nKno,  8)1-44. 
Qmloeical  «ket«h  of  the  Cotlon  ^t«a,  ^-88. 
Gsor^  hlitory  of  A.  zylifia  In,  38-33. 

BtMe  Agtloaltaral  Sooiety,  extraot  fNm 
addi«M  b«>bre,  [lis]. 
JfUvnUno,  vii.  AletJa,  1103]. 
'     '    '     '     '  BattoiAii  armlgtra,  888. 


MOTffiima, 


Gielow'i  ipny-pipe,  220.221. 
GUIeaple  <G.  E.),  l:tanta[«  by.  883. 
glctiTa,  JEhuJu.  68. 

Oarya,  87. 

Piniu.  87. 
Sladtohu,  food-plant  at  Miiiothit  anatgtra.  383. 
Glands  of  the  aattoa  plant,  poiaonliiE  of,  133. 
Olaaw  (J.  M.),  qnoud.  35T, 
flmta,  MagTielia,  87. 
otgnHToM,  Hida,  sEga  fbnnd  on.  [lOS]. 
Ql0T«r  (X^Uteratora  by.  S2^  828, 327, 831. 333, 331, 

on  dsatrnBllan  of  H^MkU  annigira  by  blida, 
875. 
duration  of  lam  itBge  of  BriMkUarmlgtn, 


irouajMpo,  31 

antadntm,tlt 


uMiubI  anemiM  of  Httialkitarmigtra,  378. 
remsdlca  tOtA.  nitna,  38. 

'it  20. 
Qnelulai 


Papkit,  artUdal  bibcnuUon  of  u 


GoatWaadTUL. 

OoodbMtt'a  itftliii  nwoblne.  804. 

Goodln's  iprayliiK  DUnhiae,  2M. 

QortuB  (D.  B.},  ntnMoreby,  823, 884,  HI,  348. 

gBtmUaa,It^pr*utria.  (8t»Ittpr*tnriateunii- 

fottl/fioUu,  BfTtuarin.    [See  DfrmariM  gtt- 

1/pMdki.) 
Qouieui  (Ch.).  lltanttin  by,  383. 

on  BMolhi*  armifn  aatlag  Ckm- 


noUf,  303. 


.  SeUtUiit  armigtn  mUh)  ITadi- 
nun  nttta,  8n, 
on  iTaiiatAti  armigtra  eatlDg  to- 
baoco,  882. 
Oraca  (J.  W.).  dtod,  23. 
anmdi/ttra.  JCoinwUa,  07. 
pnniUjtonia,  mUtau,  loaaUIdea  fbr.  {104]. 
irraiulQRHKKa,  Atwaitt,  lyuHi  jm  of Aif" — -^ 
aramm,  IViuo.  (ynonyniy  oC  (121]- 
Qrapaa  Aid  on  by  nwtta  of  A.  ByUita,  :-. 
Orua,  food-plant  of  Drultrt*  (neAtsa,  382. 

LapKvfiut  fruf^ttda,  388. 
PtMuMlMiM  waCro.  394. 
ned  Id  lamUy  yeetaUm.  i. 
anlar  name  of  Laola/gtHnfn^ 
ato(rda.8G8. 
GTuabopHra,  dwt  of  pyrcthmm  on.  {IB),  (n]. 


sasiGoOi^le 


p32] 


pounUtS 


diatriboton,  m-SW. 


bocMbkok  atylB  at,  SM. 
knapuck  ityle  of,  301 


)'■,  m 


powder  liftan,  WS-Mlt. 


Goodbeart'i.  3M. 
hknd-oleTs  fonn  o^  3C 


Taylor'i, 


T,  331.  aas. 


Toong'*.  SOT. 
QnTiUUoDBl  alRer-.  22S,  303-SIN. 
On;  lilt  pnirlM.  W. 
Qny't  kiKpuirk  aprlakltr,  303. 

•prey-pipe,  Z2l. 
Onaca,  iwtUin  enemln  In,  39. 
Qrit,  78,71). 
OroU  ( A.  B. ),  cited,  19, 12. 

DrtUaiHd,  12,  20-2L 
Ulenaare  by,  322.  32S.  a: 
33$,  339,  sfy.  BBS,  1121]. 
DD  farathMci  of  motlu,  [lOS]. 

hlbcrniiUan  of  ^  xyHntt,  tlM]- 
IIOS]. 
9DaI«d.gsa. 
nport  by,  zxvf . 
■ap|)D««  .^  aylvM  to  be  .A.  orirlllii' 

Gronnd  be«Ue>  feedlni  on  AleUn.  35. 

nBtunueninDle*  01  SiUttMt  armi- 

fimnnd-ehtny,  Tenuimlu  Dims  of  PA|rtaJit,  M3. 

Qoadalonpe,  oocamiuie  oCA.milina  in,  U. 

awnht  (J.T.].  dud,  12. 

Goeiiic  (A.).  Ill«retiin  by.  33S,  aSa. 

OolDca  fowl  H.  Alatlm,  SiS. 

Gnir-awamp  formalion,  15. 

of  Hibitau  uailfiliti, 


Gumbo,  veniaonl&r  nj 


EanmoDka,  U,  ta. ; 
Rand  pioklng  aa  a 


opiniOD   ot  on   naina  o 
imed;,  133. 


powdar  blowe^  oacUlatiiiK,  IS^Hl. 

rotary.  32>>,  23C. 
sprlnklen.  automatic,  902. 
Harkoeu  (J.>.  on  food  hablta  etStlioAii  «rmiatra, 

3M. 
BanwrAiFiMJtut  rnfW  ti.  AlatU,  BfL 
Harris  (BoberlV  letter  of,  17. 
Haicia  (T.  W.),  clusiflcalloaor  A.  zvlina  by,  1. 

BnComaloirlca]     CorreapoDdetica, 

lltentun  In,  ESS. 
UteraUre  by.  324-939. 
HartXoid  Courant.  Iltontars  In.  831. 
Hatching  oteiga  of  A.  ivHna,  ■■ 
Haw,  86. 
HawklDH  (H.|,  qnotsd.  3B8. 


Haadof  b)rraofA.>vt<nB.l>>'«nalaoaton;<^«. 
motbotA.  agiiniKBitoRulaiiaUiaToCUL 
B«ard  (J.  U.).  on  nmedjr  for  A.  »l(na,3C 
■■  Hebron,"  Utoratoro  by,  3SJ. 
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--  — ' — inul*,  191. 

eiHirlmsnUwltb.  [Zdl,  |St]. 
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ifeffi 
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iia.jg. 


.       ..._  rui,[ml-fIK 
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Bonie-Dettle,  IM. 
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if  A.  araiUat»a  by,  l»|. 
y,  zae.  S67. 888. 
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Hydtaolle  bellowa,  203, 
Hjdionalte  pumpa.  SOt-SOI. 
Urilmpiilt  pump,  271. 
Bvtt  spp.  va,  Aietla,  (S. 
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dleonued,  M. 

auaiuilly,  tbeory 
of,  IB-Zl. 
DTSitigntar,"  llt«rMiue  hj,  331, 330. 
muaa  toOHiHitata,  tooA-piiai  ot  SiUtMi  ami- 
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I.AiiipyTid»H.  Aktia.  M. 
Ijuiu  g  walerinji-pDt  pDinp,  273-274. 
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IiUileni  trapg.  remwlj  Car  A.  sttUaa.  M. 
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Lsrvft  of  A.  xyiiBO,  automy  of,  ii-W. 

digeatWucualot, 

SontX  vesMl  or,  4T. 
Eu^la  of,  4T. 
Tera  of.  45. 
malplEhlui    leii- 
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Cranitoa'a.  81B. 
Dndley'i,  010. 
Doke '^  310. 
Gamtt'a,  330. 
Fordtran**.  010. 
Le  Blue's.  010. 
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Lnpton  (Dr.  J.),  thcorr  br,  for  doatroylnE  [I 
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McH.,  IKerBtiire'bj.m  '       ""'  "  " 
UcGoaty'H  nprav-ptpn,  32t. 
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of,  «7. 
of,U. 


VolH  oluo,  looaliliat  for,  [10S1. 

TnatoAofo,  locallcJei  for,  [1031. 
ratvadifolia,  fooil-plut  of  Aso 


oculltlw  for.  ;i031. 


eta.  toodpfiioliof  Hii'oliifflnivinmi,  8l. 
pluiU  In  barbarlnm  of  TT.  S.  Uoput- 
tnoat  t\I  Airrioulturo.  en — 
inattoootriOJ]. 
*     looalitlM  fur,  (10J]-|1M]. 
„._  . — —-for  I, Bar 


..I??!"'    ""' 


i,looolLli, 
OBK*  fuund  on,  Jl 


Harlon  (Al*.1  Camvoairealth.  litentan  in,  337.' 
Marking  of  larra  of  A .  nljha,  how  produpM,  49. 
UarL  B3.  HI. 
MurBii  lancU,  68. 

M(rllDiqae,  cn[tlTiiUDn  of  cotlan  {d.  42. 
dLrccllon  of  wlnda  in.  *1. 
acooiKDOa  of  A.  rulina  in.  42. 
Han  (Dr.  Qcoriro),  drawloii  b;.  xil. 

roiiort  on  ■pidrn  of  oottOD 
|.l.iut.lll)fl-[l(X71. 
Uatthova  (J.  C).  on  improreajcntuf  cotton  Hcd, 


Ueadc  |R.  II. >, 


UesKhlle  (!)  nilan  br  OxfiopH  riWdont.  [IDTl. 
Meijren  (J.  W.).  liiFialore  bv.  3ti3. 
Utbawliiui  pie^fi  •CI.  AloUi,  07. 

peripbeni  divided  r<nc.  ise. 

nlde.FlotuuHlo.m ' 
MlUoffrii  TOliimaiM  v*.  AlMlo,  83, 
MAia  aaaaraoh^  1B3. 

It  protection  uainit  Atetln.  1!J. 
Ueton.  Temacnbir  oiunB  of  Orcumfi  i«fD,  303. 
Unlonti  fed  on  by  molh  of  A.zvliiui.  11. 
Mtniha  Diridu.  180. 
MeriUiL,  oultivntlouof  roRnn  In.  41. 

direction  of  wiQdn  in,  41. 

«onrTencBo:A.ivi.i«ln.41. 
IftnarrU  aitOnctv  th.  AIbiIr.  W. 
MesqiTlte,  fl7,T7. 
UcJwihorKi  of  niolh  of  A.  xj/lina,  eiternal  an*!- 


Jfoeronio  TviUca  feedln. 

nuieulol't,  Dumto.  panu 


glauea,  B7. 
maerophjiUa.  OB. 
Uale  iUMcta  attrnDtiHl  by  dm  and  llghia,  [112). 
Drtnna  of  moth  nr  A.iylfna,   anatomy  of, 
U~t7,  (IMl-lmi]. 
Uillory'B  pump,  'Jiz. 

■lot  uuxilB  201-202. 
UalplEhiHitTi'Basliiorlamol' A.  lyluu.auMomy 


itatbamx  of  laolb  of  A.  xgUna 

itaDToLDirlciil  iaflmmcra  affocitln 
7/Iinn.  S^8n. 


nrnlioned  [1071 

r.  M. 


Br(G.H.).illrd.6 


IB  ihfory,  321.  334.  327. 


Ulftatory  fliebleofmi 


^aovGoOt^lc 
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HlDeral  InucllFlde 

•.  Ainia  iiiiiiw.  BS,  m. 
ptjDcipl.'Bto  bofolloncd  la 

Mlnlmnm  quanTlUs 

of  urMuical  poisons,  138. 
I'ana  grerD.  IM. 

)t  (C.  S.),  ncknowlrtlcwt 
cited.  tS.  iu. 
mimitii,  Triehogramma,  compirnl  with  T.  pnti- 

OfO,  (lU^J- 
Uisafuippi,  blBlor^  of  A.  p,lina  In.  24-3t. 

Uilchell  (A.  C),  obxer^allonB  by.  SSO. 

Uttchell  (T.  W  ).  un  Temc<ly  for  .d.  iglina,  W, 

tairif.  Pinut.  m.er. 

UlierDriKH«iD,2««. 

Mobtln  Cotioa  EiohaDee,  «xlr*ola  bom  tddm* 


Mobile  ReglBter.  IIt«nitnnln,  Wt,  32S,  Sit.  3S7,  S3>; 

Mi.  U3.  [losi,  (iiei-|i:o|. 

Mobile  Weehl;  Reel*ur,  lIleniMTe  In.  £42,  SO. 


MoffntM.A. , 

UoD'ctl'R  Jawed  ilot  noizlo.  3)3. 

UoliuaeB,  CBtctaiDg  iDWCCs  Id,  315,  S21. 

eipertmnnlB  with,  [20]. 

Id  baits.  31T. 
lioUnoflliFyanT  A.nliiut   nnmhn-nr: 
Kenarda  j/ane 


Jorrill  (A.),  letlsi  IVem.  a»-t 
lilfrstore  bv,  S3 
Uorriura  [II.  X.).  fIia!,  M. 


es'for,  [1031. 
ilitiea  for.  11 


•notomyof,  4i 
Mria  of,  55. 
bruBh-wc  of.  50. 
vollemrlal  tflands  of.  51-! 
iwpnlatory  ponch  of,  blL 

I ]e  orgtns  of 


food-re 


r,  57-58. 


■f,  54-55. 


ESDglm  of,  SO. 
folesllneof,  M. 
lee""'.  51. 

molplirbioD  vesaelg  of.  65. 
nen-oiii.ay.tim  of,  55. 
«so[)1iSEue  of,  54. 
nTBflesof.  67. 

pare-cHnsU  at.  Z'i. 
probawla  of,  5:-5a, 
Mlivar.r  vImlH  of,  54. 
■cbIw  oC  51-:>;i. 
w-bKoouH  Rlnuda  of,  57-5.^ 


vnBfn>iof,5«. 
MMs  dtftnn^a  of,  57. 
utlOcUl  hibsnwIhiD  of,  20 


Moth  of  A.ZbUim.attnoted    Mid    deatrowa    br 
llEbtas  12D- 
by  fine  and  lights 


dMoripUon  of,  175,  fDti]. 

■dJBanreof.S. 
deMrDctioD  of,  l!£ 


titaniBl  inatomy  of,  4S~59. 
abdomen  of  5U-5I,  6«-58. 
head  of,  48. 
toeaolborKI  of  49. 
metathoni  d<  49-30. 
orKUU  of  r^prodnothm  al,  60- 

procbomx  o^  48-48. 

lermlDal  body  KEment*  of, 
S»<5e. 

tbonx  or,  4B-E0. 
aiehtor.lO. 
food  of,  10-11. 

frain^onbAU. 

bablta  of,  10. 
btbanwUan  oC  18-22. 

trnuMiits  far. 


IntBRul  uuomT  of,  G3-58. 
iBojiefa  of  life  ol,  dlBOnued,  20. 
mlgmtory  Sltihti  of;  21. 

bablM  of!  dlscQBMd, 
20. 
DiPied  "Paloni>,"tI. 
other  apeolea  confonnded  wlUi, 

1S-I>. 
poatnro  of,  10-11. 
power  Df  flkht  o(  dlsonued.  20. 
pnceu  of  nedlng  at,  53-H. 
proUSoaey  of,  10. 
punotnrlne  of  ftnit  br,  11. 
Beziul  dUnrenoia  at,  8. 
andden     «ppe«raiioe     of,   dlt- 

whiUr  omnrranco  of,  ?1. 
top,  romed;  fbr  ±.  sulina,  W. 
MothetHl  (W.),  llteratunbT,K3a. 
UouDUln  oak.  M. 
Uttller  {F.).  cited,  50. 
m^lttihttgii,  Qairetit,  BO. 


Ucn  (8.  B 


,  tlteratnreby,  338. 


PKotcolui  TvlgitrU,  363. 
ayimeleontdm  ileatrojinir  Alelll,  lOO. 
^JameB,  popular,  of  A,  zirtino,  1. 
M;lsDtiflii.of  A.  (Hlfnr  ' 
VBpm  dioied.  localitleis  for,  [ 


calitleis  for,  [lO; 
ilillHi  for,  [1041 


Bller ,  -. 

Natiouol  AjiricnltoralCoDgreai,  addrenaeebetore, 

[uni-ilBO]. 
Nstllrol  history  of  A .  xgliHM.  6-22. 
NalunlUtii'  Lelaon  Boor,  lllantiin  in,  841. 
NnvDEOta  iTei.)  Tablet,  ItCenture  In,  8S2. 
Sciii  (Dr.  J.  C),  Bcluowledfnnenta  to,  ii. 

eiperlmenta   of.  wlih    keroMne 
omolBlona,  1«0. 

"""     -MMfMr*"''"' "' 
.dj-Hteleolor.  _..,_. 
teloolotty  o^  [101]. 
Nerrons  Mufeni  of  mot  b  of  A .  xulitut,  tuwtomy  uf.uj. 
Net«i[(:bJo)[oflnKoU,Sll. 

Ii-ap.  318. 
Ni'HiutiiDnvdeetTOyinir  Aletla.  100. 
New  iW.  W.),  lUeratnreby,  3SB. 
Nun  Harmouy  Dluemliiator,  lllnvtnreb.  822.341. 
Kbw  Orleans  CommeroUl  'TlDiea,  UtcntDnln,  328, 


^dovGoot^lc 


[138] 


tteir  (Msu»  Dauoent,  Ittentan  In,  32S,  UO. 

Playime.  llt^nture  in.  SU. 
Ktw  Totk  Trlbose,  lilcntare  in.  339. 

Eiln  No.  21,  Utoreliire  to, 

WMkI?  San.  I'ileratnre  in.  asS,  S83. 
V<uara])«iin«vIiHi«^,  food-linblU  of.  SW, 

ii^y  to  cotton  boDn  by, 

va.  Aiatlm  te. 
HlokenoD'*  a«ft«ctor  nocide,  208. 

Nlght-lutwks  IV.  Atetik.  «8. 

nigra.  Qtj«rfli«,  Btf. 

Nartua  xglina,  flnt  naming  of,  1. 

Iccmer  nime  of  AMia  lyfuM,  32S, 
synonym  of  A.  xuUna,  2. 
Koctoid  larva  an  enenj  to  c»ttoD  In  SjctpCB*- 
Woetutda,  important  ingeota  conUlned  Id  famiU,^ 
ponotBring  of  fralt  by  motlw  o^  II. 

Noopanil n  Aletlik%- 

Nortfa  Am^ricJUi  Enioinologlai.  Iltaratnreln,  SSS. 
Cajolina,  hlatoryof  A.  xglina  in,  Ifi-ZO.  13. 
""m  Army  'Wono.  veraacalar  name  of  Ltu- 

Kol»,  IMl-liaa].  ' 

"      lead)^iutinnita,!9^^^ 


Northen 


I^pe».it4laBtn»ntof, 
OBiten,  Binkley »,  28^-286. 
UMt-defl«tlDg,  329 

csntrifDgal.  211-221. 


fll4)-[ml. 


flatnltf,  220.221. 

CIvke's,  ioi. 

Cllfford'a.  Z!0. 

Gleloir'B.  220,221. 

Gmj'«,  sat. 

Eoafbrd'a,  221. 

Hots'.  220. 

HojBr'«,  220. 

Joknson'i,  220.  231, 

HoG«0by's,  221. 

with  DroW'PlnK,  221. 

witli  rotary  ugment, 
oltulfloaUon  of,  iai-221. 
colliding  Jot,  ItM. 

IteiubtTey'a,  IM,  280. 
llwity'i,  IM. 
Weber'iil».200. 
deflsctor,  206-211. 
Btmett'a,  208. 
BlnUey'a,  210. 
SonElaa',  208. 
Hayden'*,  aoR. 
HofibiR'B,  209. 
Eillam*!.  200. 


divided  roH-hendi,  19S. 
B*m>w'B,  106. 
dutch  hudad,  IK. 


MoOUt'a,  203. 
Farkln-s,  203. 
Pinter's.  203. 
lUtymODd's,  203. 


Kn^m! 


Wllll«Bi»',  203. 
Jokoiuin'H,  2S4. 
luany-pQDotonid.  101 -ISO. 


>Eiles,  mftny-panctnnd.  cloggtogof.  IBS. 
constrnclion  of.  lll-l  03. 
Duogbtrev^,  200. 

Melobcr's.  2TS. 

periphenJ  nioei^  divided.  IM. 

Bnhmann's.  IM. 
YwFer'B.  IM. 
ping  roses,  IM-IM. 

Foster's  IM.  ' 
JobDson  a.  IM. 
Ljnch'a,  lOS. 
Heloher'a.  103. 
Blot,  202. 

Jotanaon'a.  202. 
Tlie"NUgK>,"20Z. 
Pinter'a,  202. 
PcteDsVy's,  2T0. 

Keferrod  kinds.  111. 
movablo  dnflaotOT,  Vfl. 
slot«of.  208. 

Long's.  SOS. 
HMlgot,203. 
TaiSl's.  203. 
TeverberatoiT.natomliEng,  2*7. 
rose  oombinstioiu,  106. 
BuTv'i,  IM. 
PrenticB'a,  lOe. 
bended. ISl-lOe. 
Rohmami'e.  276276. 
Sehier's,  27a. 
slatted  kinds  of,  I»e-!OG. 
Fovler's,  201-202. 
lake's.  201-201. 
tfaliory's,  201-202. 
■imtile  ones,  201-101. 
aim;-pipo,2I0. 
T-roMS.  Improvements  la.  lOi. 
Warner's,  IM. 
Teager's.   IM. 
lo  bydrnoeltea.  204,  SOU,  MS. 
Vogelaang's.  275, 

Yesgor'a,  2r7-yi8. 
imber  of  broods  of  A.  xytiiia.  13-lS,  [101],  IlOai. 
n*H-,  Ow-h»,  aynonymy  ol,  [111]. 
k,G5-«S.71.7a,TS.S0. 

opluds  rej^on.  an.  60.70-71,72-73. 74. 


Barinid^OS. 


Merid>.41. 

llontnal,  at. 
Porto  BI00.U. 
SwtoDont<Dgih41 
S«oP*nla,M: 
Sontb  Cantina,  34-11 
Trinidad,  42. 
VeoBBQBla,  42-iJ. 
Vera  Cm  a.  40-41. 


^TAatua fnjrnaz  vt ^..^  _.. 

(EtadotRa/trmtit.  Aletla,  »4. 

O^lrr  (A.),  on  BiiioOiU  omlmra  eating  nM' 

(Ewphscna  of  moth  uf  A.  xyiina,  soaloniv  otH' 
oJkiwUA.  AUhaa.  looalldea  fur.  [103]. 
(So,  eaaentia],  in  baits,  317. 

tar.  102.  ' 
Ollsaa[ns»itioiiIee,IU. 
Okn,  food-pUint  of  HaUoUia 

vetnaciilu'  namo  of  HunKui 
olmiHa,  nerii.    &i>« Pierinttmu^^ , 
(aigoaoma  laltrale  vs.  Aletls.  88. 
Open  Hpacre,  ell^t  of,  uo  AUtia  nttna.  [28]. 
Ophidmt/uUaniaa,  ponvtarine  of  fruit  by.  It. 
b^AiKsa,  A.zylifliiplacedbyT.  W.  Harrleueai 
xlllMa,  aynonym  of  A.  lyfina,!. 


.gle 


[139]. 


_, M.AletIi,8I. 

Onugea  pnnctand  by  moth  of  OpkSderet  fuBt- 

OrsBoi  of  ropiDdnctJaD  ot  moth  of  A.  xvUhOj  ax- 

t«nu)  MiMmnT  of,  M-OS. 
OrlolfiB,  T<immoiilar  luma  of  leUnit,  3f  fl, 

n.  AlBtht,  li. 
Orthoptan  dntco  jbg  A]iitU,  90. 
Ortyz  rirpinafHU  va.  Aletls.  tS. 

■n.  StUeaU  armig*tt,W8. 

OunbUugVlDwiin  of  pnlaoD.  2S6-»9, 2». 


koHiMck  Rinn  ol 

£30. 
with  Itotk*.  241. 

'WDOdBHD'l,  242. 

OOmpreHlDBiiqalrlen,  pneumatic,  SEi 
■qnirten.  wild  wmnreuloD  MS. 

mo  Bp.  pntadted  bv  Piiora,  111 

OBteoSackoDd^K.),  tlleralurvby,  [1M|. 

Oar  Home  Joamal  lud  Rant)  Sonthlaud,  lil«n 

0<rarl«aof  mothof  A.  xylina,  inalomy  of,  ST. 
imtU.  Chaleit.    iSoe  Chalcii  ocalaA 
Ovipatltioti  oC  A.  xgHntt.  [S]   112],  |1T1,  ISO]. 


"Ji  1"J>  I'Ni  [ 

pirlmeata  vith,  1 


Oijopoldn  M.  AtetlB.  [1W]. 

Pacifc  Rnral  Prer-  "" 

Pukaid  (A.  ».,  Ji.., 

QOoted,  3S3. 
Paint.  kmioElDMoUbj,  SIS,  SIS. 

PalHnala  tarmatlona,  ^ " 

rocki.  63. 

I'aphia  gtyariui 


K  70-Tl. 

loth  nf  A.  lyluia,  41. 
'  '  '  liftmriutlaB 


FaplUo.  Uteratnra  In,  192.  8U.  {\M). 


Fanaitia  ohMis 


faedinH  on  cottoa  boUt, 


..■■fc '""•''"' 


oipoFlnieDtairltL,  [331. 

flrat  menlfoTi  of,  faioattonimnn,  3! 

lor  Aletla.  hlttory  at  QW  of.  [lit 

[!»]. 
1t«  higtory  u  nn  Inwctlclds,  143. 

modea  of  application.  143. 

not  applied  tn  loDs^itcpls  cotton,  [( 

proporlloDaofrntiCurBor  11131. 

tsatofpiirily'^;  [1 
».  Alalia,  »L 
'tut,  va,  Aletl^  [IM]. 


[U31. 


Partridga 
Hml,  A\ 

PalcDtmlitnna  of  Parity , 

Patton  (W.  H,).  acknoirladKmenla  to. 
Paimiatg^uiUoidtt,  egm  foand  -~   ' 


1108]. 


Pw,  food-^t  olfiaUoliiif  amiffira.  3B».  |17]. 

Imuo  of  fe&oUli  anaigtra, 

Pncb  blouoma  fail  on  br  motb  of  A.  lyliiu.  10. 
PaachBi  fed  on  by  moth  ol  A.  xvtina,  II. 
Paara  frd  on  by  molh  of  A.  lylina,  11. 
Pi^libla*.  83.  M,  70-71,  72,  74. 
Pwh'a  blaat  aprayor,  MK. 
FOopaoM  armteiu  Ti.  Alalia,  »4. 


Aletla,  W. 
A.  tnUna,  ooMomy  of,  W. 


Pdmnu  jMiHi 

Fanlaofmolhol- 
PaonyToyal.  IM. 

eipeilRiantB  with.  I30I.  [31). 
Farnnde  (Th.),  kokODwlBdameDt*  ta.  txt 

on  food  habits  of  BiHiUUi  arvrf- 
gm,  302. 
ParlodloalocciUROMat  A.avU"''!  4'- 

dUcnaaed,  SOi 
Inascta  diaoaaaad.  10. 
n<cUTcaicaorA.svKnii.tbeoryDf,2I>,2e. 


iaf«donby  mothof  A.Tvlmo,  11. 
B,  orleliialdeacHpcioiiof,  [l^l|. 
ayixonym  of  BtUothU  armiffert 

,  affactofpyretbrnmoD,  [llll. 

Pbana  {Dr.  D.  L.).  cited.  IS,  23-24. 

UtoTBlnreby.  S25,B38. 
on  lata  plant  inx.  121, 
Pbaryni  of  moth  of  A.  niUno,  ai  -  -  -  - '  " 
Bi 1..^  ^.1 r^   food-plan' '"■ 


PAaMoJvt  vuloarU,  fi 


P^^alpAu 


fplant  of  BiluiOLii 


PhllUp'a  Boathern  Faimar.  lUeraMie  In,  33(>. 
Phobmiaatomart;  aooonnt  of.  3H. 

food-plant  of  moth  ol,  354. 
alatakan  tor  Alttia  xytina.  US- 
moth  of.  aonfooDded  vith  that 

ol  Atttia  m/lina,  13. 
papaUou  of  |]04J. 
Fhont  oMitt.  eaten  by  UhaallDgiiatha*  Ucv>,  W. 
ftedhabltaof,  [1121. 
'notatmeparaaite.  [II!]. 
paiMlted  by  Bnaivlatla  tigtag.  110- 
n.  Aletlk,  lia,  lbs,   IIS,  11^   118, 

(nenUKMO,  US. 
pl\l/ttomu,  Ltpto^Qitut.    (Saa  L^lejlottut  pAirila- 

Pi^nKi,  ftnd-plant  of  BMo&U  ormigira.  382, 

nHoia.  food'plant  of  Ajpttn  viritenu, 

leUa,n. 

., ita  irlth  [201,  laij. 

»  fed  DP  by  AMia  c^fitta. 


[1001- 

m,  [38]. 


PlcUnft  off  Inaeota,  31.. 

Piorif  obriMaa,  eflbot  of  pyratbinL , 

PI  Run  t  blokory,  S7- 
Ifmpla  oiMiiJ^  va.  AlatU.  102, 113. 
conqmtiior,  116. 

■  pan^t*  ot  the  ehryaalla  ot 

A.i^liita,lt. 
Ti.  Aletla,  102,111,112113. 
PimplarlB  of  Korth  Amerlea,  rafarence  to  Uat  ot 

{lllf 
Plne,M,Tft 

prairlea,  tS. 
FInler'i  barrel  pmnp,  ZTS. 

Jawedalot  noiale.  203- 
plnjr4k)t  noaxle.  20^ 
Pinuf  ouf  iTolu.  OS,  S7. 

lwla-'l]a.ST.' 
pionta  rinumiU.  uOVct  of  pyrethrnmoD.  IIB]. 
Pipe  adjnatmrnla.  28B-3eT. 

atOuHtmauta  of  apraylng  machinery,   [llAl- 

[119]. 
eitenalon  to  byitroDatCcil,  204, 203. 
fork  modlBotloiia,  2M-»2. 
Plpea.  cbwpnaaa  of.  302-390. 

oonfsnnabllltr  of,  2n-!S3. 
Haille,  aaporior,  20«-3>l. 
for  blaatapiaya,  244.340,  MB. 
liehtneafl  6t,  £92-203- 
otpoiiwnlnv  uaohlnea,  233. 
pendanl,  202. 

pitealorium,  Chti 


,Gooi^le 


.[140] 


TUtwni.  7g. 

PkUiAmtna  MOfrra,  Mooant  of  3M. 
dBtcrlptliMi  al  I 


if,  SSi, 

piip'Tof,  [IMJ. 
food-pluitaar,OH{lH). 
j^eaj^TAphlcAl  dlBtTJbatioa  of^ 

bsbi^  of  an. 
blbernmlion  of,  [IMJ. 
mliUkcn  for  AUtia  lylina. 


j^atyhypma,  Evpieetna. 
plturMnelidt,  Oryphu,  (jnonym  of 
PmE-roM  noulc*.  11^-1  lU. 

JafaDMU'*,  IM, 

LfDoh'*,  lUI. 

UolDlur'a,  1*3. 
Plomafhsr  (E.fi.),  leupr  from. 42- 
Plnm*redoDb;niatbof.l.xvIina, 
PtutUl  brmuiaa,  Oopidoioma  Irur 

eaten  by  BtlioUii 


oat  O.eon^Mtor, 


u,  dsscrlpUDnoriitj 

DMuhtnijr'ii  25e-Mi'.  ' 

osolllulnK.'3S7. 
rnglpioCAIIntt,  ZSS-3ei. 
ntiay.SK. 


m  Aleti>,«7. 
w  *•■  Alellft,  AT. 
iv«.AlBtlft,lt7.t 

vt.  BtlioOi.il  ai 

!Muvi,l«!. 


If.llWj. 


i'iS"....,-, 

AUtia  xvKno,  |2S|. 
JiUB.aia. 
flaldii  blovlnR  of,  HS-Z49. 

"      ■■    b__     

ooadnltH  fa 


Itqnidi,  blom 


Diiier.ssg. 

mlltiim,  (tnlnlne  of.  IK.  288. 


PoliKHiHl  fruit  ibr  dntioylnic  the  Ptoth, 
llqiilda,  mod<i  of  aiLn^r,  132. 
Hweeta,  EiperlmonU  wllb.  [20]. 
fgrdatrovliiH"--  — ' 
ummedlea^ 


ng.  ftnwDlcal.  vitiitatii  far,  (1 
M  a  rfiniBdy  for  HMolIiii 
bells wa  fur,  ZSS-SJl. 
blowon  la,  2ia-2S2. 
rotton  notd,  remedvfor  J, 
■lovatflrsln,  2»,ao<l. 
mubiBory.  IDl-SSL 


jrra,  879, 380. 


ionof,|ll41-rilB). 
nta    witb,     llMf- 


L.rrMDed.sn-.it8. 

Ir-pimirn  Id,  249-'.     . 
^lawVor,  ZS5-24«,  2! 


PolioDlDg  Duchlsea,  coodaiU  Ibr.  2n, 

aoDTeyinoa  for,  SS. 


ftuiM  for.  288. 
f(oDoniton  In.  2flt-3S7p 
gnilMliODal.  297-KM. 
rmproTcmeDM  in.  2Sg-a)«. 
uonlea  «irAM-t2L 
plpeiofL  XeS. 
pnvipt  for,  Ml^SS. 
T«poK  0D.  191-321. 
(inillg.  802-309. 
bajl  feno  of.  (M. 

eidnd'gB'i!  809, 
GoodhaBn's,S«. 
luad-BionfoTcioT,  303-3M. 
Bonl'i.  aot, 

RoblDM, 

TMlOfB.MO. 

WlUlo'B,  aoT. 
Yoong'^SOT. 
>pfa^g:^ 

236-248;  SET-Sm. 


»'•,»». 


'S*'" 


249-251,  SSB-Wl. 


Woirnni'ii.  Z8t, 
aprinkllDe : 

Ony'a  knapHok  ou,  102. 

honabick  style  of,  301. 

kuipHck  Mjla  af,  301. 

ItMDiey'*  iioraabwik.  Ml. 

BoUnaon'a.  IM. 

RniriH'  knlpM«k,  301. 

Bebuak'*  wbMkd,  VS. 

TsjIor'B, »«. 

TowDMmd'skiiuMek,  302. 

tripod  fom  of.  JaT-302. 

wmt«r-pat  atjlfl  of.  300. 302. 

WlUla'a  horacbvk,  3uci. 
tor,  101. 
■K  lilomn  Id,  23S-29I. 

lowr*  lb,  23a-23ft, 

innrenln.22L'22«, 


the  fflanila  of  Iht  oottAn  plan 
UTTiuof  A.iyHti<i,I3S. 


wbliipR  mul  biDoma  la,  2211. 
la,  efltetot  ODDon-feTLlllMidbliiHonia,  1112). 
-    ■--    -  l.urKnoklUedbj,  [118|. 


i]ai»d,')ll5j,, 


DD(  fed  OB  by  Urvk  olA.xyKiui.  (109). 
Tcnuonlu  uunu  of  PhfiuJaeca.  (!»). 
Polanakj'ii  barrel  pnmp.  270, 

FotUlet  MbHU  tb.  Alftia,  '94,  I9S. 

rvbioinna  va,  AIoIIb.  94. 
Pafvuonvm  hj/impipfr,  IKS. 
Poniolofl  RldRB,  OS. 


Poplar _ 

Popolar  nami 


l.iyliiu 


.     jUiVut«rMunili,344.110S1. 

Ca>ya.fla, 

il>  of  oMlli  of  A.  Rrfliu,  Mwtonrot,  St. 
dlatribnlloD  of, 


.GoQt^lc 


[Ul] 


Port  BadHD  etoup,  B9, 
TortasB  of  DOlMnibig  RppantDi,  SBl. 
PoTtar  Id.  B.),  Ktentare  by,  82!.  33& 
Fnilo  Klco,  occonvnce  of  A.  xytina  Id,  IT 
Ptwt  o»k.  K.  07. 70. 71, 73,  Tfl-79. 

B(rtl.7B,74. 
Pntnte  ot  moth  of  A.  ty'""'.  10- 
'    TotiiHtain  Dyanlde.  Hi>erlm«nU  wlUi,  [2C|. 
I'ODltry  remedy  for  A.  xnlina,  M. 

Ti.  BiioUiit  arniigera,  S79. 
PowdK-bltiU,  toeden  fin.  227-32^  2S(l-237. 
noulca  for.  £29,  m-iSB. 
hMlen  U  bluti.  227-2:8, 23«-33T. 
FoiroT  of1ll|bt  or  moth  of  A .  xfiina  dlaonuod,  20. 
PtmoUul  ZDloiBolDBiBt.  litenture  In,  344. 
Pnirlo  CtaiokoB  h.  &J«ti^  88. 

Finou,  HtcntUTo  in,  no,  37B,  asa,  3M. 
qnoled.  357. 
Aontial.  llleraCure  !d,  3se. 


PreclaooDDa  IumcU  h.  AIoUl  W. 
PreDldce'iiniMcamblutlnD.  IM. 
FrepuatlOD  of  eiieniKl  BkBleUm  for  eiamlnittlan, 

Fmton    St   Hobcirn,    pitentcei   of  remedy    for 

prtlioia,  Triehagramma,    (See  TriOu/granmapre- 

Frlcklj  Ati,  1B5. 
prtnu»,  ^uercui.  69, 
Ptifmonys  thoma  m-  Ali>ti»,  35. 
Prwruhu  criitodu  v>.  Aletto.  07, 

iJdiafAii  armi|Ji<nt.  37S, 


ofA.  A.  A.R.,  litcistureln.  337,314, 

BoBtoD  SocielTof  NalDral  Hislorv, 

liUnttnte  In.  S24. 331. 
Sntoniologlnl  Clnl]  uf  A.  A.  A. 

S..  lilotMun  In,  311. 
EnMorakwIosI  8ooletr  of  LondoB, 

UtcntaieiD.130,3& 
Entomaloeloal  Sodety  of  Pb  nadet- 
phis,  IherMnra  la,  82^  331,  3U, 
$83,  (121). 
NmtioDal  AffTicmltunl  CoDEreia, 
lllfmtiinln.  339. 
FrteumniJiiti  mUberti  v«.  Aklia,  90. 
FraotoImpldK,  dlfflcnltyof  diflnlDEfltmily,  ril2|. 

fooil-bablta  of.  [1121: 
fndtHia  atOumtiaUt.    nynoDym    of   Lapij^gma 
fragiptTda.  133. 
/Ukkc),  Tiu-let;  of  Laphygma  /m/i- 

HtuatMa  panuilcd  by  EupUotruM  com- 

tUtkH,  IU7. 
obteura,  rmrietj  of  Li^hjfffma  fmgi- 

ptnia,  3$3. 
FnleRBofkrTaorA.  xviina,  uialomyof,  4«. 

no  compared,  [109  J 
Prolifliacy  nf  motb  of  A.  xyttna,  19. 
l^omaiJuu  ip.  t:  Aletla,  90. 
Frotbomi  at  molb  of  A,  zvliiui,eilenial  anatomy 

Pionl  (C.  F.}.  iJiBrsturo  by,  328,330. 
Prouty'a  aqnanolt,  BflS-ITo. 

coltldtaii'Jetnoule.  194. 
ProzyipiinceHlafiu  vs.  Aletla,  BT. 
Pnmv  earoiiniana,  eiperimenta  wltli,  120;,  IZl]. 
Pajclie.  Ulcraturo  Id.  137, 143. 
PttnUic*ju  layf  vi.  Aloila,  39. 
Pmnpkln.TertiaoiilarnamBof  Giuurbilaprpc,  303, 


■qualeet.  Rumar^y's,  2T0. 
a<|uapD)t,  SpDflas'.  »»-27a. 

Pronly-a,  M9-270,  ' 
aqairlna.l)oaKlaB'.  270. 
barrel  and  tank,  274-283. 

fiUla.  273. 

barrow  klnda  ol  279. 

beat  acting,  "Hn,  282, 283. 


a,  barrel  and  lank— 
Blunt'a.  270. 
Butman'*,  3TS 


eUtem  ityle  of.  278-Sm 
oounler  atyle  of,  279. 
dlBobHriiiiE  abore,  27B^2SX 
below.  2T4-2T8. 
donlilD^cUni,  279-288. 
Syeades'^  2T7. 

Indfliitvleof,  279. 
Melsber'a.  274. 
peDdulaui  atyle  of,  379. 
FlDler's,  278. 
Polantky'a,  278. 
Kamsdon'a,  281. 
reduotloD  ayllndenid,2al-382. 
RulunaDD'a,  276. 
HttaCaotory  aty  la  of;  282-283. 
Sobirr'a.  2ie. 
alDEliMictiDg,  271-219. 
traok-klnda  of.  279. 
ToEalaane'a,  Zli. 
Weilb'a  2T8. 


itvleof,2I 


le  of,  279. 


windmill  at 

bllpe,  309. 

backot  and  knapaaek,  271-271. 
AUea'a,  273. 

Amor'a.  274. 


Dli'i 


a.  273. 


Lane' a.  274. 
Iflwta',  271. 
Uallory'B,  XT: 


elBTatlnir,  209.  300. 
knapaac^  cana,  2M-38S.  271-274. 
bydrODOltoaod  fountain,  2r"  — 


0W:ll1aUD|I,  202. 
recipiocadaff,  20! 
roury,  201-202. 


*ulflla,  Oteindda.  food.babila  ot  [107]. 
■ itbymr--  -■ 


Papation  of  A .  ivlina.  8. 

I'hobrrvk  ato.   . 
Platyhypma  m 
PyrilbroduCau  ---      ■"- 
Pyretbrom,  184. 

actlre  prinelplca  lo,  IN. 

adyantJureB  and  dlaadTantagc*  o^  & 


BtiP^nULnim 


,Gooi^le 


[148] 


Pjnthon— 

•ppllMl  in  vkter  ulDtlan,  ITT. 
Ma<]lslnhxilul,[lU1. 

nmedi  tor  A..  xvOna.  3fL 

JTHutUi  omldwv,  UL 
lAuraKi^ftilitim,  IH,  tSfi,  IW 180. 
snUlTatian  oC  si  Wuhinirtoii.  IM. 
In  CkUftmlk  m 

th*  imiMd  StotM,  ]Ml 
dMrlbaUm  of  HBd  dT,  IML 
elfeot  of,  upon  varloa*  Inwola,  ITS. 
AlstU,l<lll. 
mu,(118]. 

'"  .1  f'*'i'!'^w^-,ifc_. 

moda  of'oiiUrtaUciD  of,  ISS. 

povdar,  omaunt  reqiilnd  fur  ths  wotnu,  1T4. 

eipcrimenlawlCh.tSII. 

■nlaimum  qnuiUtln  at,  ITl.  ITZi 

mljwl  with  llonr,  ITS. 

price  of,  17«. 
prepanuon  af  lu  pluti  Ait  om,  1(7. 
price  ol,  {lU]. 
rowiiih  IN,  lel,  IM,  ISO. 

tea  or  ^eoootlDD  u.  ITS. 

willtmot^  pnitiables;iiasyiii  oTP.  niiniiiL  [111]. 


IV^AareCiauaiidia. 


aaddrtUnMJiu,  XwriteM.  -n.  AtelU.  |IMI|, 
nmidrJpiuiclaU.  iWidu/a.  ts.  Alstim.  [lOS]. 
b|ia<I,  Temunlur  name  of  Ortei  niinnianiu.  STI 
n.AI(!ttft,88. 

QanrtiOMi  hHIii.  W. 

Qnuolk,  deawtiuu  o(^  nmed;  (Cir  J.zn[lHa,3ll. 

iinii»t,W. 
<tallata,«<. 

"B.",  IlMratni*  byjSSV. 
lUaoami ».  Alttta,  ST, 
B<«  Weed,  184. 


>by,85. 

iS&na,Ara-8S. 

BamedSD'a  pump.  IS  I. 

Rameer't  horaewak  aprlDkler.  an. 

AvMiuter  hilorft  vs.  Aletl^  B7. 

Bapldft;  ofoorklng  of  (preying  niMhlner^r.  [11!>|, 

rBvidiM,  CoJooiirte.     (Sec  (MeearU  nuridbi.) 

B*TageBatA.xvltealBCnbk,4S. 

B«iuiBd'a  Ikved^lot  Doula,  I03. 

ReMl  (J.  B.ruier»tare  by,  m 

Bedpiooiting  bloiren.  plaUmed.  S4>-2SI. 

wDpiMUMi  iqnlrten,  pnaniutic. 


pompa,  202-K9. 

■qaliten.  aolld  preaann/2ISZ-2ai. 

n...j nrfuraUii*). 


Bed  buff  faee  l>vfdercu# 
Mdu.TS.7i. 

refflon]«il.'SB.'T5lTT."* 
oak,  C8,T3.  TO.  77.78,7*. 
pepper,  vBrnanDlu  n 


apider,  tnloiy  to  ootton  by.  IG]. 
ltedDC(lono^Ddrii>Blpumpe,^t-SS3. 
Bedwlng  Blaokblrd  vi.  Alalia,  Se. 
Beed  (E.  B.l,  litentan  by,  t33. 
Reua  (W.  P.).  Uleralure  by,  838. 
rmUt,  OUAfrmio,  Ima  panalted  by  SalaaMB 
HTMoiMh  [U0|. 


Bemedlea,  ehapteron,  128. 


[laL 

S^fpla  hHinu  va.  Alalia,  »r. 
£M«la  IMiala,  lood-plut  of  h 


hlitory  of.  H-M 
Inqpiriea  foi.  [lUI. 
Btolle  (J.  P.),  on,  (11 


Rsreriiendin  mu 

rli«(<ic,  OWertdaB.    

ribuC>.  Cmu,  eeEa  toand  od.  [lOSI. 

BbM  bird  M.  Alalia,  «8. 

Sldgvay  (R.),  lilt  of  birds  of  SouUeni  SUtoa  by, 

raTerence  to,  (IM1. 
Blffat'a  IlKbt  trap.  »1S. 
BOey  (C.  T.),  daacrlpUoa  of  Toekua  oJatia  by, 

aiovctii  rrom  addreien  by.  I IHI. 

[118].  [lt>]-IIWl. 
Illeratura  by.  923.  K^  KS,  sn,  HI, 

SST-348,  SU,  [1I)1]-[1M].  riot), 
on  eftbot  of  pyralunUD   on  aaB, 
[llBl. 
HduUli  vmvara  aaUnK  PJtf. 

eatlDjc'ifn'm  aotfawH.  3C 
Identity  of  BoU  Wonn  tad  Con 

panelUsmarHdiotftwank^am 

by  Taehirta  eiumytiHi,  37T. 
nmedlea  Cor  A .  xyUna.  St.  37. 

S^ialUtaTjmietra, 


n»  of  Paria  i 

(UeHlMj. 
per  read  befon 


:«en  for  Aletia. 
National  Acad- 


qooird,  3S2.  880. 
rimotoKi,  Fioiua.    (St»  Pimua  litiuueUi.} 
BlM  and  tan  in  abundance  of  Inluiloue  lueot^  M. 
SlTBi'-awacnp  (bmiaClon,  ei. 
RoBcheh  eflict  of  pyrotbraia  on,  [15]. 
Boad  dmt  ai  a  diluent  of  pyrotliruni  povder,  173. 
an  inneetioide.  IM. 


BDbamutefDrdilne 

Koano  (JuneeJ,  aeknoirlcdemt 

on  oipfrieuco  > 

111  Alabama. 

preparing  TeB< 

RnlKirtn  (J.),  qantoil,  [«]. 

Roberta  (T.  J.).  nbMrvatii 


(.  IM). 


by.  [TJ. 


d,l«l. 


*  [IMl. 


■r  name  of  RMtou  gtmmlr- 


IE  manbloa 

_^_..j£ltnginacl 

Bocky  Monntoin  Locmtt.  (See  Cd(op(mtH*pr«tiM.) 
Bonl-mt,  (jnonyin  of  cotton  bltaht,  (Bl. 
nMoaaano.  Ciuaeia,   paraaltcd  by  cJAoMf  eaala; 

Bose  Uallov.  Tenacnlar  ni 
Otora,  883. 
noiile  CDinbinationa.  IW. 
Bany'a.lM>. 
PrpDtico'B.  IM. 
noBlea,  181-lse. 
dldded.  IBB. 

Barrow'a,  185, 
olatoh.taeaded,  185, 


Fox's,  19^ 
periphenil.  divided,  IW. 
Malcher'a,  ISO. 


entaln,UM. 


Yeairer'a, 

Teag«'s,wV 
nianim,  Pynttnm.    (See  PmOmioi  n 
Bntory  blowen,  tbnw  blaat.  ISS,  2ST. 
ofaiii(ls,!3K285. 

Darnell's,  ns-SH. 

mvatyU^aS-ISS. 

Feri'a  hnlgatlng,  OL. 


^aovGoOt^lc 


A-IV«m«l,  no. 


lioltd  comursMioD  squlrlcni,  2ei-3IIZ. 
UinvKiirg  of  polnoo,  3SU1M. 
'BMUion  of  cropa  aa  a  rtrntAj  for  A.  lylitut,  U. 
SaltatMi  ami' 
jm(,3T7. 
Ratl»n  Um««tone.m,  T3,T1. 
roltindifnlia.  Matm.  locillUH  fbr,  (1(»1. 
BovalJ  (WllliuD  O.).  utvDt  on  Parlt  Etwn  mlit- 

are-HO. 
BucEle'i  kDipWKk  ■piiokler,  302. 
RnhSiBaii'*  buret  pump.  2T5. 

deflKtornoiiKJlO. 
Jawed  alot  notile.  303. 
DOuIm,  !««,»»,  ZIO,  ZTG,  ZTD. 
p«rlpheTal  ditided  roae,  IM. 
Rameiap..  IM. 
BaDwr'a  Mrpnmp,  !M. 
■qnajet.  -270. 

■— -> tlopMup,  ZM. 

Utcnitnnln.mSU. 

Itlermta™  In,  iffii^  SM,  SSZ,  134, 

lSMB'J,S4:t, 
Kew>orker,  UterMorein,  H4. 
Snu  {NaahTlUe,  Tenn.),  literalnn  in,  138. 
World,  literMnre  in.  330. 
_..    ..  dunue  to  cotton  by,  <n  Florida,  [71. 
niffni.UarTDnla.  riwIingoD  cotton.  [IIII). 


I  i  vary  ^latida  of  lar»i 


Salt  J 


ifJ..I(/iiiui.aoatoioyor47. 
uniuiof  A.^f£jia,anatomTaf,54. 
■  of  chiTwllsor  J.nlina.  4l. 
^Ucide,  153. 
iSbclof,  cm  Alttiai    ' 


eSbcl  of,  cm  Alrtia  nliiM,  [:n]. 
Skltpoter  an  Ha  liiKctlcide.  IM. 

■ffiKi  of,  on  AltHa t^Hitm,  T18]. 
&l1n^ucll«  conodrfini,  flipsrlmeiita  with. 
Baviia  tieropia  paraslkd  by  Ormlju  mOL. 
lamia.  Onipla*.  srnonyiny  of,  rilll. 
Saodenon  (E.).  llieratarB  by,  384. 

on  Identity  of  Boll  Wc 

Com  Womi,  S9(. 
rnofdlaa  for  BMcUiiM  ai 


[21]. 


Rudalonr.  03,77.18-18. 
Rudy  pniriv  nuioB,  65,  T>. 

SbiIu  Doming!"    " "  " 

Bio  Fanlo,  ral 


!3Cfl  otA.  asylina 
t  cotton  in,  44. 


^r* 


Mnrrpiico  of  J.  aafUna  In,  8*. 
eamaria,    iipoclno    diatincti 

ol^n'w 

Urva  of,    _.__,._ 

Tacblnld,  I1U8.1 
pnparium  of.  oompared  vE 

AlUB  of  TachlnliT.  [ID9]-I : 
Mmmnitv.  doacrlptfon  of 

,.SSi. 

of,  (110). 
puadtle  DB  CaiotAtnut 

dif*rintiaH4.im]. 
panaltlo  on  (Mejitinnit 

tprtha.  1100). 
apeslflo    ohnsotora    of, 
[100  J. 
dlatlDcUiiiagaf, 


BartBphBja.   (S«e  Sarcepliaga  Mm 


SKUidera  (WlUlaja),  LtcratnrB  by,  893. 


ilylng  kemaetie. 

Ox-eye  Dalaj  aa  an  inaeoll- 

otGa,  ISO. 


[143] 

by,  1. 

1,  nni- 


Bay  (ThoBiaa),  A.  cvX*"  Bnt  deaorlbed 

11  terataie  by,  8:0,831. Ml 

(Mfrro,  Plo^kHMW.     (SeoPIalyllirHH 

aeat/raiU.  Hywtna,  moth  ot,  oonfcmnded  « 

of  Al4tia  zvUna,  IS-IO. 
Scales  of  moth  of  .4.  sEuI'"'>i  uutomy  of,  B1-S2, 
Scarlet  oak,  10. 

Soent-orErui*.  anatomy  of.  In  Leptdoptsni,  M. 
Bobanok'a  apriaklin)[ "— "■'"•^  SMl 
Scblar'a  barrel  pomp.  270. 
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